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Porphory monas fjinsivalis polypeptides and nucleotides 
FIELD OF THE INVENTION 

The present invention relates to P. gingivalis nucleotide sequences, 
P. gingivalis polypeptides and probes for detection of P. gingivalis. The 
P. gingivalis polypeptides and nucleotides can be used in compositions for 
use in raising an immune response in a subject against P. gingivalis and 
treating or preventing or reducing the severity of the condition known as 
periodontitis. 

BACKGROUND OF THE INVENTION 

Periodontal diseases are bacterial-associated inflammatory diseases of 
the supporting tissues of the teeth and range from the relatively mild form of 
gingivitis, the non-specific, reversible inflammation of gingival tissue to the 
more aggressive forms of periodontitis which are characterised by the 
destruction of the tooth's supporting structures. Periodontitis is associated 
with a subgingival infection of a consortium of specific Gram-negative 
bacteria that leads to the destruction of the periodontium and is a major 
public health problem. One bacterium that has attracted considerable 
interest is P. gingivalis as the recovery of this microorganism from adult 
periodontitis lesions can be up to 50% of the subgingival anaerobically 
cultivable flora, whereas P. gingivalis is rarely recovered, and then in low 
numbers, from healthy sites. A proportional increase in the level of 
P. gingivalis in subgingival plaque has been associated with an increased 
severity of periodontitis and eradication of the microorganism from the 
cultivable subgingival microbial population is accompanied by resolution of 
the disease. The progression of periodontitis lesions in non-human primates 
has been demonstrated with the subgingival implantation of P. gingivalis. 
These findings in both animals and humans suggest a major role for 
P. gingivalis in the development of adult periodontitis. 

P. gingivalis is a black-pigmented, anaerobic, asaccharolytic, 
proteolytic Gram-negative rod that obtains energy from the metabolism of 
specific amino acids. The microorganism has an absolute growth 
requirement for iron, preferentially in the form of haeme or its Fe(m) 
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oxidation product haemin and when grown under conditions of excess 
haemin is highly virulent in experimental animals. A number of virulence 
factors have been implicated in the pathogenicity off. gingivalis including 
the capsule, adhesins, cytotoxins and extracellular hydrolytic enzymes. 

In order to develop an efficacious and safe vaccine to prevent 
eliminate or reduce P. gingivalis colonisation it is necessary to identify and 
produce antigens that are involved in virulence that have utility as 
immunogens possibly through the generation of specific antibodies. Whilst it 
is possible to attempt to isolate antigens directly from cultures of P. gingivalis 
this is often difficult For example as mentioned above, P. gingivalis is a 
strict anaerobe and can be difficult to isolate and grow. It is also known that 
for a number of organisms, when cultured in vitro that many virulence genes 
are down regulated and the encoded proteins are no longer expressed. If 
conventional chemistry techniques were applied to purify vaccine candidates 
potentially important (protective) molecules may not be identified. With 
DNA sequencing, as the gene is present (but not transcribed) even when the 
organism is grown in vitro it can be identified, cloned and produced as a 
recombinant DNA protein. Similarly, a protective antigen or therapeutic 
target may be transiently expressed by the organismin vitro or produced in 
low levels making the identification of these molecules extremely difficult by 
conventional methods. 

With serological identification of therapeutic targets one is limited to 
those responses which are detectable using standard methods such as 
Western Blotting or ELISA. The limitation here is the both the level of 
response that is generated by the animal or human and determining whether 
this response is protective, damaging or irrelevant. No such limitation is 
present with a sequencing approach to the identification of potential 
therapeutic or prophylactic targets. 

It is also well known that P. gingivalis produces a range of broadly 
active proteases (University of Melbourne International Patent Application 
No PCT /AU 96/00673, US Patent Nos 5.475,097 and 5,523.390), which make 
the identification of intact proteins difficult because of their degradation by 
these proteases. 
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SUMMARY OF THE INVENTION 



The present inventors have attempted to isolate P. gingivalis 
nucleotide sequences which can be used for recombinant production of 
P. gingivalis polypeptides and to develop nucleotide probes specific for 
P. gingivalis. The DNA sequences listed below have been selected from a 
large number of P. gingivalis sequences according to their indicative potential 
as vaccine candidates. This intuitive step involved comparison of the 
deduced protein sequence from the P. gingivalis DNA sequences to the 
known protein sequence databases. Some of the characteristics used to 
select useful vaccine candidates include; the expected cellular location, such 
as outer membrane proteins or secreted proteins, particular functional 
activities of similar proteins such as those with an enzymatic or proteolytic 
activity, proteins involved in essential metabolic pathways that when 
inactivated or blocked may be deleterious or lethal to the organism, proteins 
that might be expected to play a role in the pathogenesis of the organism 
eg. red cell lysis, cell agglutination or cell receptors and proteins which are 
paralogues to proteins with proven vaccine efficacy. 

In a first aspect the present invention consists an isolated antigenic 
PorphoTymonas gingivalis polypeptide, the polypeptide comprising; 

an amino acid sequence selected from the group consisting of SEQ. 

ID. NO. 265 to SEQ. ID. NO. 528, SEQ. ID. NO. 531 and SEQ. ID. NO. 

532; or 

an amino acid sequence at least 85%, preferably at least 95%, 
identical to an amino acid sequence selected from the group 
consisting of SEQ. ID, NO. 265 to SEQ. ID. NO. 528, SEQ. ID. NO. 
531 and SEQ. ID. NO. 532; or 

at least 40 amino acids having a contiguous sequence of at least 40 
amino acids identical to a contiguous amino acid sequence selected 
from the group consisting of SEQ. ID. NO. 265 to SEQ. ID. NO. 528, 
SEQ. ID. NO. 531 and SEQ. ID. NO. 532. 
In an embodiment of the present invention the polypeptide 
comprises; 

an amino acid sequence selected from the group consisting of SEQ. 
ID. NO. 386 to SEQ. ID. NO. 528 and SEQ. ID. NO. 532; or 



WO 99/29870 

PCT/AU98/01023 

4 

c-^j^ no srrr t d *» - ^ 

532; or '° SEQ ' =>• NO - 52 « <"><i SEQ. ID. NO. 

and SEQ. ID. NO 532 t0 SEQ - m - NO - 528 

scom 1 g matllx(Blosum50J MunschlQJusmg a standard protein 

s*Q. id. no. 386 , a^rT^^J" *• — o f 

» SEQ. ID. NO. 447, SEQ. ID. NO 45 8 22' £ ^ ^ ^ ^ N °' «4, 
SEQ. ID. NO. 499, SEQ ID NO ™ 22 °' 4?5 ' SEQ ' m N °- ««■ 
SEQ. ID. NO. 400, SeS £ NO 4U IS' £ £ ^ ^ ^ ^ 
SEQ. ID. NO. 427, SEQ. ID. NO 429 sS' m « ^ ^ N °' 42 °' 
SEQ. ID. NO. 438, SEQ. ID. NO 443 SEo' m « N °' « 7 ' 

» SEQ. BX NO. 449, SEQ. ID. NO 452 SEO m ^ ^ ^ ^ 
SEQ. m. NO 459 _ "" - " 2 ' SE0 -' m NO. 455, SEQ. ID. NO. 457 

SEQ. ID. NO. 434, SEQ. ID. NO 485 sS' m NO ' ^ ^ N ° "* 
SEQ. ID. NO. 509, SEO ID m tZ' ™ 494 ' SEQ ' m - NO ' 5 <*>. 

» ^Q.ID. NO. = 22 , SE^Eno ^IS a NO 52 °' ^ m ' 5 "' 
OX NO. 389 . SS3 . ro . NQ NO.38 SEQ. ID. NO. 5 28 , 
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35 



Polypeptide co mpr i; r«rdno r M """"" *■ 

">s.d<le 582 of SEQ. ID NO 3m t Q ' °' 3 ° 3 ' resWu « i« to 

30!, residua 240 oTresid™ 25 To, SEO^ Nn ^ *° " SEQ ^ N °' 
"» of SEQ. rD. NO. 295 resrdl «o? ^ ^ ' ,Sl<iUe " 9 to ™«™ 
», to residue 2o" S E Q Z InT" ™ " ^ » N °' 2 *>. 
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residue 356 of SEO ID Mn j 
3» o f S EQ . m . ND . 286 , resldue 

residue 354 to residue 401 of <?Fn m ^n o ^' N °' 286 ' 

5 SEQ. ID. NO. 287 relue 25g fn , ^ ^ ™ W 208 to resid - 252 of 

to residue 120 of SEQ m NO 293 ^ * ^ ^ ^ ^ 5 

NO 293 r^A o,o ' ' SldUe 123 to residue "a of SEQ ID 

293 ' residue 23 3 to residue 339 of SEQ ID NO -a 
residue 228 of SEQ ID NO 27R a U& 67 to 

274 residue 174 tn a ' ^ 13 ° t0 residue 172 °^ SEQ. ID. NO 

residue 174 to residue 238 of SEQ ID NO ?7d o„ . 

10 112 of SEQ. ID NO 27^ M -a ' Sldue 99 to residu e 

residue 2 R a' " 4 *° r6Sidue 128 of SEQ. ID. NO 274 

residue 26 to residue 69 of SEO ID wn 9«e j ' 

SEQ ID NO 7fl* •,. 5 ' reSldue 71 to resid «e 128 of 

^ . ' Sldue 130 to resid "e 146 of SEQ ID NO 9** -a 

620 to residue 636 of SEQ ID NO 377 M -a T TBSldne 

ID. NO. 327 residue 397^ a 638 t0 reSidue 775 of SE Q- 

residue 397 to residue 505 of SEQ. ID NO 30i to^vj too 
residue 545 of SEQ. ID NO 30i a « ' due 528 to 

301 residuP ♦ a ^ 556 *° residue 6 12 of SEQ. ID NO 

•3UJ., residue 614 to residue 631 of SEO m Mn , n , j V- uj. inu. 

650 of SEQ. ID NO 301 r^J «, ' 633 to residue 

^. uj. NU. 301, residue 553 to residue 687 of SEO ID Mn 9ao 

residue 305 to residue 447 of SEQ. ID. NO 289 residue it -T' 
SEQ. ID NO ?fi^ ™~-a * ' residue 1 to residue 52 of 

^. uj. NU. 364, residue 65 to residue 74 of SEQ m NO -a 
to residue 604 of SEQ ID NO 97* -a ' reSldue 486 

NO 777 . -a • teSldue 158 to resid ue 267 of SEO m 

NO. 272, residue 270 to residue 282 of SEQ. ID NO 272 
residue 237 of SEQ ID NO 27* -a ' due 163 to 

273 residue 213 t >a ' 24 ° t0 r6Sidue 251 of SE Q- ID. NO 

residue 213 to residue 344 of SEO m Mn 

324 of SEQ ID NO 7Q9 • / 2 ' r6Sldue 183 to re « d «e 

residue 3, 9 ♦ 2" reSldUe 327 t0 residue 341 of SEQ. ID. NO 292 
residue 352 to residue 372 of SEQ ID NO 709 ™ -a , 

SEQ. ID. NO. 271. residue 168 To ~i 141 to residue 166 of 

residue 168 to residue 232 of SEO m Mn 971 j 
to residue 13 of SEQ ID NO -a 271 ' residue 1 

302. residue 30 to IZ^oftn^l " t0 reSidUe ™ « ^ ^ NO " 
of SEQ. ID NO 277 s 1 ^ ^ ^ ^ 476 to re « d - "9 

I- toresidu?i62 f Cm N 0 ^ ? * ^ ^ ^ 
ID. NO. 299 residue 192 to a ™ W6 * 177 of SE Q- 

residue 343 o7sE Q lD N o 290 7 ^ ^ ^ ^ ^ 71 to 
290. residue 36 to residuP 240 of SEQ m " « ^ ^ N °" 

270 of SEQ. ID NO 331 ™ -a *' r6Sldue 242 to Tesid ™ 

rp,,^ o»l ' Sldue 1 to Itesidue 192 of SEQ ID NO 37* 

residue 266 to residue 290 of SEQ m NO ^ ~ , ' 

SEQ. ID. NO. 279 residue 220 a ' *™ 23 to r6Sidue 216 of 

«, residue 220 to residue 270 of SEQ. ID. NO. 279, residue 



09581.286. M G62SGO 



25 



30 



35 



WO 99/29870 

PCT/AU98/01023 

6 ~ 

285 to residue 386 of SEQ. ID NO 27Q o 

residue 269 of SEQ. ID NO ■>„, „ 297 ' resldue 26 1 «o 

». residue , to l^TsZ n™ :r 5idu ° 402 ° f SE0 " NO - 

5 of SEQ. ID. NO. 307, residue 4 l f „ ^ reSidUe 403 to 

res.due 315 of SEQ. ID. N0 . 30t "* N °' 3 ° 4 - "»'d<« 287 to 

304. residue 255 to residue M rf ™ m 185116 336 ° f SEC >- m - N°- 
<» 337 of SEQ. ID. NO 342 1,H ,f Q ' °' ^ reS ' dU < ! 271 «° ^ue 

SEQ. ID. NO. 375. residue t33 ZZT' °' 3?5 ' res,d,le 138 <° residue 357 of 

141 to residue 299 of SEQ. ID NO ^ ^ * ^ ^ N °' ^ 

ID. NO. 296, residue 134 to r' V' ™ 2 * reSldu8 365 of SEQ. 
■ 216 Of SEQ. m NO 2 6 H " ^ ^ ^ ^ ««« 1 <° 
«. residue 444 to residue 60 * * f " 246 °^^EQ. ID. NO. 

6«6 of SEQ. ID. NO. 263, residue * ""^ 10 *° resid ue 

-.due 1 to res i due 191 148 of SEQ. HX NO , 296. 

SEQ. ID. NO. 267, residue 7.no . "° 193 to resld >» 2°4 of 

'» .o residue 470 of ^ ID ^ ^ » 7 ' 

» NO. 264, residue 133 to J?*""" °^ SE ^' 

residue 336 of SEQ. ID NO m, Q ' N °- 281 ' residu « "« to 

303, residue 266 to residue 295 ofspn"^ * ^ <** SEO - 

™ °f SEQ. ID. NO. 303. r^ue 328 to f ^ reSld " 8 2 " - »"*- 

-idue 247 to residue 356 o, SEQ ID n"^ "V "» ^ *** 3 ° 3 ' 

SEQ. m. NO. 353 residn. 7s, . J ' ^' due 358 to residue 391 of 

*» to residue ^ m "J 6 :;;: 28 d 8 of seq - ro - no - *»■ 

ID. NO. 298, residue 422 in r ' Z 245 t0 residue 256 of SEQ. 

residue 814 of SEC 7m Z T ° { ^ ^ N °" **, resid ue 803 to 

*». residue 160 to residue 3« 'f S^rn ^ '° ""^ 156 ° f SEO - *>■ 
«1 Of SEQ. nx NO. 262, ^il 363 to ^' 295 ' reSidUS * 
-<ou. 396 to residue iZ^^ ^ ^ ^ 

SEQ. ID. NO. 320, residue 27 to „ -A " 3 to resW » e 8 ?9 of 

to residue 163 of SEQ. ID NO Ji T' ^ NO 291 ' 170 

NO. 291, residue 1 L si Z 30 Zlml^n ™ ^ W 

'02 of SEQ. m. NO. 337, residue 377 to , M4 ' nMw 114 to resid ^ 

residue 377 to residue 412 of SEQ. m. NO. 321, 
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SEQ. ID. NO. 265, residue 129 to residue 614 of SEQ. ID. NO 266 residue ! 

° f SEa m ' N °- 300 ' residue 032 to ««- «>« - Z m 

ZZZuo 1 T sii ™ 301 of SEQ - m - NO - 3M - — * 

42 of SEQ. ID. NO. 361, residue 44 to residue 973 of SEQ. ID NO 361 
IE^NO 8 35*8 r6S *f. Ue 93 °^ NO. 356, residue 95 to residue 179 of SEQ 

355. residue ^Z^S^U wT^l ^ V 
of SEO m wn T7n . i ^ d55, resid ue 1 to residue 131 

itn a ' ldUe " 3 *° reSidue 601 of S£ Q- H). NO. 370 residue 

1 to residue 813 of SEO IT) wn — j ' iesiaue 

NO «i « 4 ' reSldue 377 to residue «2 of SEQ. ID 

NO.321 residue 413 to residue 772 of SEQ. ID. NO. 321. and residue 189 to 
residue 614 of SEQ. ID. NO. 364. residue 189 to 

In a second aspect the present invention consists in a n isolated 

aTanT "I" POlype P tide ' l-ta-I-^l^ 
3867sEO aC m S r enCe Sel6Cted fr ° m of SEQ. 7.17" 

r 528 ^ seq - ro - no - 532 iess ^ -~ - 

In a third aspect the present invention consists in an isolated DNA 

e'col * T m ° IeCUle C ° mPriSinS a nUCle ° tide ~e wmch 

seoul K P trr de ° f ^ filSt ^ *■ * or a 

sequence which hybridises thereto under stringent conditions. 

It is preferred that the isolated DNA molecule comprises a nucleotide 

N^SEO^ Mo" *" ^ COnSiSting ° f SEQ - N °- 1 » ^ 
264 ' S£ Q- ro - NO - 529 and SEQ. ID. NO. 530 

expressi^vlT 11 ^ PreSent COnSiStS * a — nibinant 

expression vector comprising the DNA molecule of the second aspect of the 
present invention operablv linked to a transcription re g ^7e^ 

™™ J 1,1686111 mVention als ° P^des a cell comprising this 
recombinant expression vector. 

In a further aspect the present invention consists in a method for 

s^£?*f poIypeptide ™* g * 

conditions that permit expression of the polypeptide 

for use il n ^s , ,nf Urther a ""position 

Tt. , Z ^ ,mmUne reSponse directed Winst P. gingfralis in a 
subject, the composition comprising an effecnve amount oTaUeas one 
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polypeptide of the first aspect of the present invention, or at least one DNA 
molecule of the second aspect of the present invention, or both.and a 
pharmaceutical^ acceptable carrier. It is preferred that the pharmaceutically 
acceptable carrier is an adjuvant In other aspects the present invention 
provides methods of treating P. gingivalis infection in subject comprising the 
administration of the composition to the subject such that treatment of P 
gingivalis infection occurs. The treatment may be prophylactic or 
therapeutic. 

In yet another aspect the present invention provides an antibody 
raised against a polypeptide of the first aspect the invention. The antibody 
may be polyclonal or monoclonal. The present invention also provides 
compositions including these antibodies. It is preferred that these 
compositions are adapted for oral use and may be, for example, dentrifices, 
mouthwashes, etc. 

In a still further aspect the present invention provides a nucleotide 
probe comprising at least 18 nucleotides and having a contiguous sequence 
of at least 18 nucleotides identical to a contiguous nucleotide sequence 
selected from the group consisting of SEQ. ID. NO. 1 to SEQ. ID. NO. 121, 
SEQ. ID. NO. 529, and sequences complementary thereto. It is preferred that 
the probe further comprises a detectable label. 

The present invention also provides a method for detecting the 
presence of P. gingivalis nucleic acid in a sample comprising: 

(a) contacting a sample with the nucleotide probe under conditions in 
which a hybrid can form between the probe and a P. gingivalis 
nucleic acid in the sample; and 

(b) detecting the hybrid formed in step (a), wherein detection of a 
hybrid indicates the presence of a P. gingivalis nucleic acid in the 
sample. 

DETAILED DESCRIPTION 
Definitions 

A purified or isolated polypeptide or a substantially pure preparation 
of a polypeptide are used interchangeably herein and, as used herein, mean a 
polypeptide that has been separated from other proteins, lipids, and nucleic 
acids with which it naturally occurs. Preferably, the polypeptide is also 
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separated from substances, e.g., antibodies or gel matrix e . 

In d. case "Z ^ raUre ""^ P ' Mt " ™ taal - 

^Un«X^DNA 0 ';' ed t 0ra SUbStMa ^P- add, e.g., . 

acid which JZZS&Z?^ 1— m I. 

one at the V end and one lt ™T Ch " " m "**'i' contiguous (i.e., 

' *e — .» to t l i i:« t e r^ iy oc r rins sm ™ °< 

substantiallv fi~ „f , l61C acid 18 derived; or which is 

wine :z«z::i c ^?*:«* r r - in *• — i ™ 

recombinant DNA which is toco^OTtod ^oTvector ^'^iMo'" * 

autonomously reolicatina r.7 -j vector, e.g., into an 

Pro^te ~ " ~ DNA " " 

or a genomic DrttnLJ . ™7 3 5ePa """ "^"^ (e * • a cDNA 

batmen., ^dept^ X DNA S eo ' Tf" end ° nU ° ,MSe 
a^o include, . recombinM ^"o, ^TT 0 "™™ 
additional P. gin^ DNA sequence ' " ^ 8WK> ™*» 

portion of a coding seouenrp Tms re S*°n may represent a 

transcribldTnto T^" " " «" «"* " 

Placed under tteTntX !T """" tanS ''" ed ""° " ^ 

of the coding se q ZcTa^ Z" ■ The boundaries 

=.lu P coae at the three prime terminus. A 
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« ««h the on^u" base-pairins 

10 Probes are often as JciateH S ^"' c «">' to « m. tau |, of tatMM 

dyes, radioisotope * *""*»• TjPiCaI hbeb M ^ 

fluorophores «L™. cheniIu ^e SC ent moieties. 

» Specify binds to . S^tS ^ <*— « «Hf Which 

referred herein a, a ^."T*"- «* molecule I. 

«!» or capable of assoc^ ^ a ''^ " associated 

hybridization is d Pn pn^ I The s P ec ificity of 

» »f the ««*- - base position 

reaction. These Condi,,? " ,mperature Md concentration of the 
*e ar, d,SCem ' bk '° ~ — *» - 

be„veea H CpX"p"d« orh th l SSqUen<:e °"e qU ence identity 

'. PO^on in bo* oTfteto ^ «* -lecles. Whe!. 

or amino acid mouomertb " ~T " .«»•« b * ft. same ba S e 
molecules is occud»h h j . 8 " l^^on in each of two DNA 
Potion. The £ " - Wolo gous at ^ 

the number of hatching or^I* ° * 3 

sequences divided by tfe nu^ T P ° Sltl0nS ' ^ by the 
Thp t Q M ° f P° sitio ^ compared x 100 

in te rch4 h :.^r eS - Md are Id 

P. «iL^,2r * » moiety, such as an 

eliciUng . hm Z L/^J° iD , raSmen ' ""^ ,ha, * - 

cellular rmmune response in a host animal. 
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DNA seance „ perabI ., jCST^ f T^' 0 " ° f * 

As u J ex P ression to °ther tissues as well 

instances, enhancers Tn e t , Pr ° m ° ters ' ^nninators and in some 

As used herein, the term "operablv linked" roforc f„ «. 

indicated ' PtaCtICe ° f inVen,i0n em P'^ «■*» °*e™ise 
md,ca,ed, convanUonal techniques of ch emistry , raolecular „ ™ S * 

ources such as, J. Perbal. A Practical Guide to Molecular 
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Cloning, John Wiley and Sons ri984) T <z*™u i ■ , 

A Laboratoiy Manual ColdTn • i k ° * MoIecuIar C1 ^g: 

ry Manual, Cold Spring Harbour Laboratoiy Press f 1989) T A 

i Z" 2 ( ™ ? ' " Mo,ecu,ar Biolosy: A Praca ^ ~ vll es 

1 and 2, HU. Pres, , 1991)> OM G)over ^ HP . umes 

P„h A„ al - f Ed '»"). Current Protocols in Molecular Biology, Greene 

pl«, ™ ^ W " ey - to — s (»«. '-uding al, updated 
present,. The dtsclosure of Ur.se te;rt s are incorporated herein by reference. 

) Pharmaceutical^ Acceptable Carriers 

be indued ant ' b0dieS ' P^epUdes and DNA of the present invention can 
be rncluded rn compositions which include a carrier or diluent TW 
Z^r* pharmaceutical compositions Z^ZZZ, 
^uent wtU be pharmaceutical!, acceptable. Pharmaceutical acceptable 
«« or drluents include those used in composition, suitable To orT 

SSE? (iacludin8 Wd Md sub,togu * ™^ p— 

SUb ; Ut " 80US - Muscular, intravenous, intradermal, 
I dos^s Id'' I a<lminiStea0n - Tt ' ym ~ C '° - 

As will be well understood bv those skills in ^ * n. 
be madp f u a . . , y sKUled in the art alterations may 

residues 1, ° , nS ' """"ons, or substitutions of amino acid 

*> identity with the sequences set out in the Sequence Listing are 
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within the scope of the present invention. Antibodies raised against these 
altered polypeptides will also bind to the polypeptides having one of the 
sequences set out in the Sequence Listings. The level of % identity is to be 
calculated as set out above. 

5 Protein sequences are homologous if they are related by divergence 

from a common ancestor. Consequently, a species homologue of the protein 
will be the equivalent protein which occurs naturally in another species 
Within any one species a homologue may exist as numerous allelic variants 
and these will be considered homologues of the protein. Allelic variants and 
species homologues can be obtained by following standard techniques known 
to those skilled in the art 

An allelic variant will be a variant that is naturally occurring within 
an individual organism. 

Mutants, Variants and Homology - Nucleic Acids 

M ^tant polynucleotides will possess one or more mutations which 
are deletions, insertions, or substitutions of nucleotide residues. Mutants 
can be either naturally occurring (that is to say, isolated from a natural 

TnlT T^f C (f ° r 6Xample ' ty P erformi *S ^-directed metagenesis on 
theDNA). It is thus apparent that polynucleotides of the invention can be 
either naturally occurring or recombinant (that is to say prepared using 
recombinant DNA techniques). 

An allelic variant will be a variant that is naturally occurring within 
an individual organism. 

Nucleotide sequences are homologous if they are related by 
divergence from a common ancestor. Consequently, a species homologue of 
the po ynucleoude will be the equivalent polynucleotide which occurs 
naturally in another species. Within any one species a homologue may exist 
as numerous allelic variants, and these will be considered homologues of the 
po ynucleoude. Allelic variants and species homologues can be obtained by 
following standard techniques known to those skilled in the art. 

Antibody Production 

Antibodies, either polyclonal or monoclonal, which are specific for a 
polypeptide of the present invention can be produced by a person skilled in 
the art using standard techniques such as, but not limited to, those described 
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^!° W p ^ Antib ° dies: A L """"<«y Manuai. Cold Spring. Harbo, 

polyclonal antibodies, a number of host animals are accap JbLTL 
Senerauon of antibody by i-n mlllta wlth one or J n , 
polypeptide preparation, include bu, no, limited ,o rabbit. nu'e Z e«c 

^d?,con^,« ^ 8 ° n *" h ° Sl SPeCieS ' tootaB «« ^. no, limited <o 
Freund s (complete and mcomplate), mineral gels such as aluminium 

hyd^ade. surface active substences such as lysoleChin. pluronTlyols 

polyaruons, ml emulsions, keyhole lympe, hemocyanins. dL^phenof ^d 

Mttatem (1975, Nature 256, 493-497), and the more recent human B-cell 
hybndoma technique (Kesber et al iq^ Tm t „ au manjJceII 

fherapy, Alan R. Uss, ln C . pp . 77 _ Q6) Jn ad developed for 

antib ° dieS " ^ fro JaLlo/; 

molecule o -appropriate antigen specificity together with genes from a 
human anybody molecule of appropriate biological acnvi^ mly be u ed 
Morton et al. 1984. Proc. Natl. Acad. Sci., 81:6851-6855^^^ 
1984 Nature 312:604-608; Takeda et al. 1985 Nature 31:452-454) 
Alternately, techniques described for the production of single chain 

antibodier 0 ^^ " h ™™™ d of monoclonal 

xi:«::z^r* T diment for human a ^*- 

literature. r^^e^r"^ * * 
Nature 332 323 2 7 v f 32 ^22-25; Reichman et al. 1988 

ature 332.323-27; Verhoeyen et al. 1988, Science 239:1534-36). The 
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recently described "gene conversion metagenesis" strata fnr *h 

5 libZ f , ltematlvel y' techniques for generating the recombinant phase 
5 hbraxy of random combinations of heavy and light regions may be u^ d to 
prepare .com t antibodies (e.g. Huse et al. 1989 ScienceL.-^s 1} 

as Fu Ffa^l J^TT ^ idi0type ° f *» -ch 

as Fu Ffabl) and F(ab 2 ) may be generated by known techniques For 

example such fragments include but are not limited to: the F(ab) E2 

K^l^T Pr0dUC6d ^ ™*> <* *» Antibody 

molecule the Fab fragments which can be generated by reducing the 
dxsumde bndges of the F(ab'J 2 fragment, and the two Fab fragml^ch 
can be generated by treating the antibody molecule with papa^d I 

^F^T"™*- Fab expression Hbraries may be — « 

Z« fi t , 16nCe 246:1275 - 128 D to allow rapid and easy 
Pm^. ^ ^ m0n0CW1 ^ S pecL,y to a 

Adjuvants 

"Adjuvant- means a composition comprised of one or more 
ubstances that enhances the immuno 8 enicity and efficacy cfTIccine 
composmon. Non-limiting exampies of suitable adiuva.JtociursTullane 
andsauafen. (or other o, ls of animal origin,; Week „po,yme„. ieZ^T 

vegabble mis such a, peanut oil : Corynebacteriurn^erived adjusts such as 
Corynebactenum p^vum; Propionibacterium^erived adjuvants s" h as 
Propumtbacterium acne; Mycobacterium bovis (Bacillus CalnTeUc and 
Guermn or BCG); interleujcins such as interleukin 2 and inttl^. 
monokines such as interlpi,lH« t . ""erieuian-iz, 
gamma interferon "™ eUkm *' tua,DU ' necros " factor; interferons such as 
gamma interferon; combinations such as saponin-aluminium hydroxide or 

U wall extract, synthebc glycopeptides such as muramyl dipeptides or 

CaCol r m Ph ° SPhate; Carbo ^y-ethylene such as 

Carbopol EMA; acryhc copolymer emulsions such as Neocryl A640 (e g U S 
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hybndisation a denaturing agent such as f«™ •? (2) empI ° y durin S 
(voWol) formamide with 0 1% h formam »^ for example, 50% 

poiyvinylpy^^^^ 96 ^^nun albumin, 0.1% Fieoll, o.l% 

5 x SSC (0.75 M NaCl, 0 075 M sod 1 ' ' ^ 5 ° % forma ^e. 

(PH 6.8), 0.l%, odium ^L^™ C ltrat6) ' 50 "** «di«m Phosphate 
salmon sperm DNA^O uX) ^ 7^ 

0-2 x SSC and 0.1% SDS ^ 10% deXtran sulfate «t 42"C in 

5 

ONA vac ?in W a W ^r^ar 6 " ^ iDClUdeS * «*■ 

found in Donnelly etTjo^ A ° NA may be 

the disclosure of wh^^ Methods 176(l 994) L- 
} Throughout thi * mcor P°^ herein by reference. 

as ■.omprisest X^Zg^*?* « — 

stated element or integer o srou^f , " t0 ^ ^ inclusi ° n <* * 

exclusion of any other elem T " integerS but not ^ 

y other element or mteger, or group of elements or integers. 

method described by Mam^ j. ( , ^ esse ^ by the 

DNA fragments was performed essentitn ^ ^ of 
(Science; 269, 496-512 * « % " * Keisc ^nn * a/., 

- was -bu^^ ™ 

nuclease to create blunt ends th.n V W3S treated with Ba ^l 
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^Zr^ 8el ' The & »8 men ' uprising linear vector plus one 

™=rt « excsed. purified and to process repealed to reduce any vector 
wtthou, msert <»nuuni„, a „n. The recovered vector plus insert DNA^T 
Wun -ended wift T4 DNA polymery, then a final ligation to prod! 

plated out on SOB agar antibiotic diffusion plates containing X-gal and 

^htr a '„ 3 ? OVerni8hl COl ° n,eS those 
withou mserts (vector alone) appeared blue. Hates were stored a, 4°C un« 

"set™ P ' Cked ^ " - - «""*» 

DNA sequencing 

of LB T^ 11 ^ PiCldn8 baCterial C ° l0nieS int ° 

h1 ,, , supplemented with 50-100ug/ml Ampicillin in 96 

qZZ 96 ft HaSmid ^ iS ° lated ^ ^ -I— 
QL^prep 96 Turbo rnunprep kits (QIAGEN GmbH. Germany). DNA was 

eluted xnto a 96 well gridded array and stored at -20C 

Sequencing reactions were performed using ABI PRISM Dye 
Termxnator and ABI PRISM BIGDye Terminator Cycle Sequencing Ready 

ITI* r T 1 USmS 1116 Ml3 UniVCrSal forward and -verse sequencing 
pnmers. Seque nce reactions were conducted on either a Perkm-Ler 

^ es ^~^^^^ : The Unship between 

1 m iaD1 e l. ihe initiation codon was catmint™* 

117 ^°° "—^l*™* fFASrl , nl 

sequence predion (PSORT, SignaiP, or ORF prediction (GeneMark). 
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Table 1: Reference table indicating the relationships of each sequence ID to 
the selected proteins. 



Protein 


DNA 


Amino acid 


DNA sequence of 


Amino acid 


name 


sequence of 
complete 
ORF 


sequence of 
complete ORF 


protein 


sequence of 
protein 


PG1 


1 


265 


122 


386 


PG10 


2 


266 


123 


387 


PG100 


3 


267 


124 


388 


PG101 


4 


268 






PG102 


5 


269 


125, 126 


389, 390 


PG104 


6 


270 


127 


391 


PG105 


7 


271 


128 


392 


PG106 


8 


272 


129 


393 


PG107 


9 


273 


130, 131, 132 


394, 395, 396 


PG108 


10 


274 


133 


397 


PG109 


11 


275 


134, 135 


398, 399 


PGll 


12 


276 


136 


400 


PG110 


13 


277 


137 


401 


PGlll 


14 


278 






PG112 


15 


279 


138, 139 


402, 403 


PG113 


16 


280 


140 


404 


PG114 


17 


281 


141 


405 


PG115 


18 


282 


142 


406 


PG116 


19 


283 


143 


407 


PG117 


20 


284 


144 


408 


PG118 


21 


285 


145 


409 


PG119 


22 


286 


146 


410 


PG12 


23 


287 


147 


411 


PG120 


24 


288 


148 


412 
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Protein 


DNA 


Amino acid 


DNA sequence of 


Amino acid 


name 


sequence of 
complete 
ORF 


sequence of 
complete ORF 


protein 


sequence of 
protein 


PG121 


25 


289 


149 


413 


PG122 


26 


290 


150 


414 


PG123 


27 


291 


151 


415 


PG124 


28 


292 


152 


416 


PG125 


29 


293 


153 


417 


PG126 


30 


294 


154 


418 


PG13 


31 


295 


155 


419 


PG14 


32 


296 


156 


420 


PG15 


33 


297 


157 


421 


PG16 


34 


298 


158 


422 


PG18 


35 


299 


159 


423 


PG2 


36 


300 


160, 161 


424, 425 


PG21 


37 


301 


162 


426 


PG22 


38 


302 


163 


427 


PG23 


39 


303 


164 


428 


PG24 


40 


304 


165 


429 


PG25 


41 


305 


166 


430 


PG27 


42 


306 


167 


431 


PG28 


43 


307 


168 


432 


PG29 


44 


308 


169 


433 


PG3 


45 


309 


170 


434 


PG30 


46 


310 


171 


435 


PG31 


47 


311 


172 


436 


PG32 


48 


312 


173 


437 


PG33 


49 


313 


174 


438 


PG34 


50 


314 


175, 176 


439, 440 


PG35 


51 


315 


177 


441 


PG36 


52 


316 


178 


442 


PG37 


53 


317 


179, 180 


443, 444 


PG38 


54 


318 


181 


445 
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Prnfoi n 


DMA 

WIN A 


AUllOfJ aum 




a m ■ *1 #"» ant rl 

XVIUlllU ctClU. 


113 IDC 


nnmnlpfp 

w W 111 U 1 G (.G 

ORF 


QftfiiifkTir*n nf 
rnmnlfttfl fYRP 


llTrtt (kin 
JLfA U LCI XI 


LXtJllUc? Ul 

nrnfpin 

111 »-» 1X7 XXI 


PG39 


55 


319 


182 


446 


PG4 


56 




183 


447 


PG40 


5 7 


^71 


184 

XU*X 


44ft 


PG41 


58 


^77 


185 


44Q 


PG42 






JLUvJ 


4^0 


PG43 


60 


^74 


1fl7 


4*51 


PC44 


R1 

U X 




188 

lOO 


4S7 


PG45 


62 




189 


453 


PG46 


VJ o 


^77 


1Q0 


4S4 


PfJ47 

X \J "X/, 


R4 


"}78 


191 

191 


4S*i 


PC48 


RS 


37Q 


1Q7 


45R 




BR 




1Q^ 


4^7 


PCS 


R7 


^1 

JO 1 


1Q4 


4*58 








1Q^ 




X VjTvJ X 








4RD 




7fi 




1 Q7 


4R1 


PO^ 


71 




1 Qft 


4R9 


PG54 


77 


^fi 
oou 


1QQ 


4R3 


PG55 


73 


337 


200 


464 


PG56 


74 


338 


201, 202 


465, 466 


PG57 


75 


339 


203, 204, 205 


467, 468, 469 


PG58 


76 


340 


206, 207 


470, 471 


PG59 


77 


341 


208, 209, 210 


472, 473, 474 


PG6 


78 


342 


211 


475 


PG60 


79 


343 


212 


476 


PG61 


80 


344 


213 


477 


PG62 


81 


345 


214 


478 


PG63 


82 


346 


215 


479 


PG64 


83 


347 


216 


480 


PG65 


84 


348 


217 


481 
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Protein 


DNA 


Amino acid 


DNA sequence of 


Amino acid 


name 


sequence of 


sequence of 


protein 


sequence of 




complete 


complete ORF 




protein 




ORF 








PG66 


85 


349 


218 


482 


PG67 


86 


350 


219 


483 


PG68 


87 


351 


220, 221 


484. 485 


PG69 


88 


352 


222 


486 


PG7 


89 


353 


223 


487 


PG70 


90 


354 


224 


488 


PG71 


91 


355 


225 


489 


PG72 


92 


356 


226 


490 


PG73 


93 


357 


227 


491 


PG74 


94 


358 


228 


492 


PG75 


95 


359 


229 


493 


PG76 


96 


360 


230 


494 


PG77 


97 


361 


231 


495 


PG78 


98 


362 


232 


496 


PG79 


99 


363 


233 


497 


PG8 


100 


364 


234, 235, 236, 
237 


498, 499, 500, 501 


PG80 


101 


365 


238 


502 


PG81 


102 


366 


102 


366 


PG82 


103 


367 


239 


503 


PG83 


104 


368 


240 


504 


PG84 


105 


369 


241, 242 


505, 506 


PG85 


106 


370 


243 


507 


PG86 


107 


371 


244, 245 


508, 509 


PG87 


108 


372 


246 


510 


PG88 


109 


373 


247, 248, 249 


511, 512, 513 


PG89 


110 


374 


250 


514 


PG9 


111 


375 


251, 252, 253 


515, 516, 517 


PG90 


112 


376 


254, 255 


518,519 


PG91 


113 


377 


256 


520 
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Protein 
name 



DNA 
sequence of 
complete 
ORF 



Amino acid 
sequence of 
complete ORF 




DNA sequence 
protein 



of 



Amino acid 
sequence of 
protein 



DNA sequence analysis 

files using to. p ° ° NA 'f C ™ tra - 1 "'»1 Into amino acid 

searching M). PSORT <n c- ,rw . homology 
protein, ^22!^ ^ T ° PPred W ' Md *-»**<•). H- 
daiabase for L Z , "7 ^ S,0Ied to 1116 CUS,0m 

^ u«uiy i2, gap extension penalty = -2 width f«^^ 

°Pt = 16 and the Blosum sn c • • deriving alignment in 

iu me tfiosum 50 sconng matrix. Individual FA ST A 
were examined for si g nifi cant homol statistic^ h r. f 

acid alignment,. The results „ set in ^ 2 ^ "*» 
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Protein files were then trimmed to the first, second, third, fourth and 
fifth methionine residues using a protein trimming program (ANGIS) The 
trimmed proteins were then subjected to PSORT analysis for the detection of 
signal sequences and the prediction of cell location. Proteins exhibiting a 
PSORT probability of outer membrane >0.8 were considered to indicate 
surface localisation. A second signal sequence detection program SignalP 
was also performed and, in certain instances, this program detected signals 
not identified with PSORT. All proteins identified by other methods were 
also analysed by PSORT and SignalP. Previously, the C-terminal amino acid 
of bacterial outer membrane proteins has been shown to be important for the 
assembly of the protein on the outer membrane (7). A typical structure 
definition for outer membrane proteins has been determined as the presence 
of a signal sequence at the N-terminus and a tyrosine or phenylalanine at the 
C-termmus. A number of the selected proteins exhibit this characteristic 
structure. The program TopPred was used to determine the presence and 
number of membrane spanning domains (MSDs) and the presence of such 
sequences indicates a preference to be attached to membranes such as the 
outer membrane. The results of PSORT, SignalP and TopPred analyses with 
the C-terminal amino acids of the selected proteins are set out in Table 3. 

The 70 amino acids from the C-terminus of a number of P. gingivalis 
outer membrane proteins share 50-100% protein sequence identity These 
proteins included RGPl, RGP2, KGP, HagA, HagC. HagD, prtH and prtT. This 
conserved motif may be involved in the attachment or sorting of proteins to 
the outer membrane. The protein data set was searched using FASTA 
homology as described above and a number of novel proteins were identified 
which demonstrate similar motifs at their C-termini. The results are listed in 
Table 4 

The TonBIH box is a 30 amino acid motif present within TonB outer 
membrane receptors in a wide variety of bacteria. The TonBUI box of 
P. gingivalis (8) was used to search the protein data set for homology by 
FASTA as described above. Those proteins demonstrating significant 
homology are listed in Table 5. 
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FASTA homology results 


E value 

4.70E-31 
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1 1^ ; OO 
i f : cm : 
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coi Oi i 
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Homology description 




Macrophage infectlvity potentiator (MIP), Legionella j 
oakridgensis. j 


Haein agglutinin (phg), Prevotella intermedia 


Outer membrane lipoprotein, Haemophilus 
influenzae 


Ferric receptor (cfrA), Campylobacter coli 1 
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FASTA homology results 
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Table 4: Percentage identity and percentage similarity of various proteins 
with the 70 amino acids from the C-terminal of the P. gingivalis arginine 
protease 1 (RGPl), arginine protease 2 (RGP2), and the cysteine 
protease/hemagglutinin (prtT). 
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name 
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Percent similarity 
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Table 5: Percentage identity and percentage similarity of various proteins 
with the TonBm box of P. gingivalis. 



Protein 
name 


Percent identity 


Percent similarity 
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1 used t ° Ii8 ^ UC ! e0tides to 4116 5' and 3' regions of the deduced protein were 
used to amphfy the gene of intent from a preparation of P. g^LTwIo 

~ 0 ZT ns m , Taqplus precision PCR System ( stra ^ ™ 

FTC 100 (MJ Research) thermal cycler or similar device. The 5' 
oligonucleotide primer sequence was GCGCCATATGCTGGCCGAACCGGCC 
the 3 oligonucleotide primer sequence was ™^GGCC, 

GCGCCTCGAGTCAATTCATITCCTTATAGAG. The PCR fragment was 

Zed t T" ^ 1 ^ 1 reStriCti - (Promeg^r 
hga^d into the corresponding sites of ^ plasm . d j 

2£S and H ^ ^ ^ ««* ^was 

selected and mduced with or without O.lmM IPTG (Promega) for expression 
of the recombmant protein. Expression of the recombinant protein^s 

rabbit antxsera descnbed above or an anti-hexahistidine antibody (Clontech) 
that detects the hexahistidine tag that was fused to the P. ^/Js ' 
recombmant protein. PGl was purified by disruption of the I. cali cells by 

sarkosyl (N-Lauroyl sarcosine) to a 1% final concentration. There after the 

~°«io7 dil r d * oi% sarkosyi in tinding tuff - - 

N,ck 1-nxmlotoaceUc acid column (Ni-NTA; Qiagen), after washing bound 
protems were eluted with 1M imidazole in elution buffer (Novagen) 

bT^Tl ^ Qi ~— ati ° nS -IcosySd to ail 

IT^tToTs T SamPl6S WBre di3lySed 5 ° 0mM ™* 

a uir- 4 d ° r ove * e imidazoie ' — ed - 

by SDS-PAGE anfl VV ! T ' ^ ^ ^enicity were assessed 

abovel and ^ e , ^ S6leCted 8ntiSera (& ° m *° se 

above a„ d ^ protem concentration ^ determined 
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PG2 

the fell meth ° dS US6d ^ essentiall y tha same as for PGl with 

CGC^^T:: 5 - ^ 5 * <**»*^F*n- sequence was 
CGCGGTATACATGAAAAGAATGACGC, the 3' oligonucleotide primer 
sequence was CGCGAGATCTGAAAGACAACTGAATACC and the PGR 

JCCox ^ PGeX " St ° P ^ W09619496, 

JC Cox, SE Edwards. I Frazer and EA Webb. Variants of human papilloma 
v:rus anhgens) using the BstZ 171 and Bgl n restriction sites . 2% 

a^ T tT 8M ™ ^ add6d to *■ Nation buffer 

and toallotherbuffe.. Urea was removed from the purified protein by 

SOrTr ^rL (4M ^ 2M *** 1M *« 0 5M ° M ^1 in 

r q r d Nacl ' oi% sarkosyi pH74) - — - — 



15 PG3 



^ fon^^T^^:^^ ~ ^ - - with 
-GGGTATA^^ 

sequence was GCGCAGATCTCTTCAGCGTACCTTGCTGTG and DnI w7 
amplified wUh Pfu DNA polymerase (Stmtagene). The PGR product!" 
cloned d.rectly into pCR-Blunt and transformed into E. coll 

*ZZ*™* OBen l?T subcloning into *• expression ^ p^- 

int f T2 USmg 2171 and Bgl 11 restriction transformed 

We tot BL2 ^ E V PharmaCia Bi ° teC ^- ™* ~g modifications w re 
made to the punncatxon of PG3 from the PGl method. Cells expressing the 
recombmant protein were disrupted by sonicauon in binding buffer and the 
soluble mc lu,ion bodies concentrated by centrifugation. Inclusion bod ^ 
were then soused in 6M urea (Sigma) in binding buffer and eluted with 
6M urea added to the elution buffer. In some instances 6M guanidine 
hydrochloride (Sigma) was used instead of urea for these steps. Urea (or 
guamdme hydrochloride when it was substituted) was removed f"m *e 

Z^ST* ty SeqU6ntial diaJySiS aS3inSt reducin ^ levels °' (3M 
glycerol, pH7.4). Punfied protein was stored frozen at -80°C until required 
(pTerT) C ° nCentrati0n WaS dBtermi - d * ^ Coomassie Plus protein assay 
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PG4 

The methods used for PG4 were essentiaUy the same as for PG3 with 
the following exceptions. The 5' oligonucleotide primer sequence was 
CTTCTGTATACTTACAGCGGACATCATAAAATC, the 3' oligonucleotide 
5 primer sequence was TTCCAGGAGGGTACCACGCAACTCTTCTTCGAT and 
DNA was amplified with the Tth XL PCR kit (Perkin Elmer). The PCR 
product was cloned into the expression plasmid pGex-stop RBSpV) using the 
Bst Z171 and Kpn I restriction sites and transformed into*, coli ER1793. 

10 PG5 

The methods used for PG5 were essentially the same as for PG3 with 
the following exceptions. The 5' oligonucleotide primer sequence was 
TTGCAACATATGATCAGAACGATACTTTCA, the 3' oligonucleotide primer 
sequence was AGCAATCTCGAGCGGTTCATGAGCCAAAGC and DNA was 
amplified with the Tth XL PCR kit. The PCR product was cloned into the 
expression plasmid pET24 (Novagen) using the Nde I and Xho I restriction 
sites and transformed into E. coli BL21 (Pharmacia Biotech). Removal of 
urea was not proceeded past 1M urea as the protein was insoluble at lower 
concentrations of urea. Purified protein was stored at 4°C until required. 

PG6 

The methods used for PG6 were essentially the same as for PG3 with 
the following exceptions. The 5' oligonucleotide primer sequence was 
TAAACATATGTGCCTCGAACCCATAATTGCTCCG, the 3' oligonucleotide 
primer sequence was CGTCCGCGGAAGCTTTGATCGGCCATTGCTACT and 
DNA was amplified with the Tth XL PCR kit. The PCR product was cloned 
into the expression plasmid pET24a using the Nde I and Hind m restriction 
sites and transformed into E. coli BL21. 
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The methods used for PG8 were essentially the same as for PG3 with 
the following exceptions. The 5' oligonucleotide primer sequence was 
CGCGGTATACATGGAGTTCAAGATTGTG, the 3' oligonucleotide primer 
sequence was CGCGAGATCTGTTTTCTGAAAGCTTTTC and DNA was 
amplified with the TaqPlus Precision PCR System. The PCR product was 
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cloned into the expression plasmid pProEx-1 using the Nde I and Xho I 
restriction sites and transformed into E. coli ER1793. 

PG8A 

PG8A is a shortened version of PG8 and has the first 173 amino acids 
Te T*l ; meth ° dS US6d f ° r PG8A Were essentia,, y tha same as for PG3 

^CGgVatap A n tT: Pti0nS - ^ 5 ' ° h *°™«°°«*° P^er sequence was 
CGCGGTATACATGGAAAACTTAAAGAAC, the 3' oligonucleotide primer 
sequence was CGCGAGATCTGTTTTCTGAAAGCTTTTC and DNA was 
amplified with the TaqPlus Precision PGR System. The PGR product was 
cloned into the expression plasmid pGex-stop RBS(IV) using the Bst Z171 
and BglH restriction sites and transformed into E. coli ER1793. Prior to 
dialysis of the purified protein EDTA (Sigma) was added to a final 
concentration of lOmM 

PG10 

The methods for PG10 were essentially the same as for PG3 with 
the following exceptions. The 5' oligonucleotide primer sequence was 
CGCGGATATCATGGATAAAGTGAGCTATGC, the 3' oligonucleotide primer 
sequence was CGCGAGATCrTTTGTTGATACrrCAATAATTC and DnI was 
amplified with the TaqPlus Precision PGR System. The PGR product was 
digested with Eco RV and Bgl II and ligated into the expression plasmid 
pGex-stop RBSflV) using the Bst Z171 and Bgl H restriction sites and 
transformed into E. coli ER1793. 



PG11 



35 



f „ m S f ° r 1,611 WSre essent iaUy the same as for PGl with 
rrr°rr^ 6XCePti0nS - ^ 5 * ° U S 0 ™^* Ptow sequence was 
GCGCGTATACATGAGAGCAAACATTTGGCAGATACTTTCCG, the 3' 
oligonucleotide primer sequence was 

??^ GA ? T ^ GC ^ GCGC ^ GTATATCGCC DNA Was -P^fied with 
Th DNA polymerase (Promega). The PGR product was cloned intopC*-BW 
and transformed into* c O //To P l0F'before subcloning into the expression 
plasmid P G«x-stop RBSflV) using the Bst Z171 and Bgl n restriction sites and 
transformed into E. coli ER1793. PGll was purified by solubilisation of E 
coh cells with 2o/o sarkosyl in binding buffer (Qiagen) which was diluted to 
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0.1% sarkosyl in binding buffer, bound to a Nickel-nitrilotriacetic acid 
column (Ni-NTA; Qiagen), after washing bound proteins were eluted with 
1M imidazole (0.7% CHAPS (Sigma) in elution buffer; Qiagen) according to 
the Qiagen recommendations. Following purification samples were dialysed 
i against 500mM NaCl, 20mM Tris, 0.7% CHAPS, 20% glycerol (Sigma) at 
pH7.4 to remove the imidazole, concentrated as required and stored at 4°C 
until used. 

PG12 

The methods used for PG12 were essentially the same as for PGl with 
the following exceptions. The 5' oligonucleotide primer sequence was 

GCGCGTATACATGAATAGCAGACATCTGACAATCACAATCATTGCCGG, 
the 3' oligonucleotide primer sequence was 

GCGCAGATCTGCTGTTCTGTGAGTGCAGTTGTTTAAGTG and DNA was 
amplified with Tli DNA polymerase. The PCR product was cloned into pCR- 
Blunt and transformed into£. coli ToplOFcells before subcloning into the 
expression plasmid pGex-stop RBSflV) using the Bst Z171 and Bgl H 
restriction sites and transformed into E. coli BL21. Purification of the 
recombinant protein was essentially the same as PGll except 0.5% DHPC 
20 (1.2-Diheptanoyl-sn-glycero-3-phosphocholine; Avanti) in 50mM Tris, 50mM 
NaCl, pH8.0 was used to solubilise the inclusion bodies instead of sarkosyl 
and the DHPC was diluted to 0.1% before addition to the Ni-NTA and 0.1% 
DHPC was added to all buffers. 

25 PG13 

The methods used for PG13 were essentially the same as for PG3 with 
the following exceptions. The 5' oligonucleotide primer sequence was 

GCGCGATATGCGGACAAAAACTATCTT1TTTGCG, the 3' oligonucleotide 
primer sequence was 

GCGCCTCGAGGTTGTTGAATCGAATCGCTATTTGAGC and DNA was 
amplified with Tli DNA polymerase. The PCR product was cloned the 
expression plasmid pET24b using the Nde I and Xho I restriction sites and 
transformed into E. coli BL21. Purification of the recombinant protein was 
essentially the same as PG3 using 6M urea and 1% NOG (n-octyl glucoside; 
Sigma) was added to the dialysis buffer. Removal of urea was not proceeded 
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past 2M urea as the protein was insoluble at lower concentrations of urea 
Purified protein was stored at 4°C until required. 
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PG14 



the folln PG12 essenti ^y the same as for PGl with 

GC^T^ZT' ^ 5 " <**°™*~°* P— sequence was 
GCGCGGCGCCATGACGGACAACAAACAACGTAATATCG, the 3' 
oligonucleotide primer sequence was 

a^^ -d DNA was 

amplified with Tli DNA polymerase. The PGR product was cloned the 
expression plasmid pProEx-l using the Ehe I and Xho I restriction sites and 
transformed into E. coli BL21 Purification nf tK u • 

essentiallv the «™ dpi , PunflCa,10n of * e ™ombinant protein was 



essentially the same as PG12. 
15 PG15 



the follow meth ° dS US6d PG15 W6re essen ^y tbe same as for PG3 with 

sequence was ^GCTrATGGTACCTTTGGTCTTATCTArrAT and DNA ZT 
amphfied with the Tth XL PGR Kit The PGR product was cloned into ST 
expression plasmid pGex-stop RBS(IV) using the Est 2171 and Kpn I 
restriction sites and transformed into B. coli ER1793. 
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the follow meth ° dS PG22 W6re essenti ^y the same as for PGl with 

sauence was CCCCCTCGAGCGGAACGGGGTCATAGCC and DNA Z 

I wc tion ^ P ,? S1 °" PlaSmid PET24b USi °« *° B <"" » a» I 
T r tramf ° tmed toto£«BBL2tDE3. Once PG22 was 

p p ittr^:zr edi " the -— ------ 
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PG24 

the foil meth ° dS PG24 W6re essen ^y the same as for PG3 with 

CGCGCTATA rATrA° nS ^ 5 ' P*« -quence was 

CGCGGTATACATGAATTACCTGTACATAC, the 3' oligonucleotide primer 
sequence was CGCGGGATCCGTTCGATTGGTCGTCGATGG and DNA wT 
amplified with the TaqPlus Precision PGR System. The PGR product 

pGex stop RBS(IV) using the Est Z171 and Bgl U restriction sites and 
tonsformed into E. coli ER1793. Due to the low level of expression of PG24 
purification was not proceeded with except on small scale 
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thP V6rSi0n ° f PG24 WaS ^ Cl ° ned ™ d ^pressed. PG24A is 

methT " IT With *" PrediCted N - terminaI Se ^ nce --ved. The 
methods used for PG24A were essentially the same as for PG3 with the 

following exceptions. The 5' oligonucleotide primer sequence was 
CGCGGATATGGAGATTGCTTTCCTTTCTTCG, the 3' oligonucZide primer 
sequence was CGCGCTCGAGTTAGTTCGATTGGTCGTCG and DNA ^ 
amplified wi* the TaqPlus Precision PGR Syste m. The PGR product!" 
cloned into the expression plasmid pProEx-1 using the Nde I and XhoT 
r"colt° nS ! teSandtranSf0nned intOE -«^^3. Purification of the 

ZeTt TUT* 1 ? ^ ^ Same 35 PG3 ra P* «* — was 

used to soluble the inclusion bodies and in the buffers used for the Ni-NTA 

then 1M then 0.5M then 0M urea all in 50mM Tris, 500mM NaCl, s% 
glycerol, P H7.4). Purified protein was stored frozen at -80» C untH required 
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the fol.n PG29 essentia "y the same as for PG3 with 

" ° A T 8 CXCeptl0nS - The 5 ' oligonucleotide primer sequence was 

GCGCGATATCGCTAGGATGAAAAAGCTATTTCTC th P v ol • , 
primer sequence was ^TATTTCTC, the 3 oligonucleotide 

GCGCAG^ATCTCTCGAGTTTGCCATCGGATTGCGGATTG and DNA was 
amplified with Pfu DNA polymerase being used. The PGR produ^ wT 

t™1t< pCR " Blunt ***** 

ToplOF before subcloning into the expression plasmid pGex-stop RBS(IV) 
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BL^l ^ ECOR V 11 reStriCti ° n and tnu-lbnnBd into*. co * 

BL21. 6M urea was used throughout the purification process. 



PG30 



the fo., PG3 ° ^ «™«Wly the same as for PG3 with 

the following exceptions. The predicted N-terminal signal sequence was 
removed from the recombinant protein. The 5' oligonucleotide primer 

sequence was TACC^AATTCGTGACCCCCGTCAGAAATGTGCGC, the 3' 
oligonucleotide primer sequence was 

^ A ^^^ GATCC ^^^rrOCCCGG and DNA was 
amplified with the Tth XL PGR kit. The PGR product was cloned into the 

T d Z T BL21DE3 - ExpWMhm Studi6S and ^"-reactivity 

ZoZ Wei ! ° n Wh ° le * ^ ,ySat6S ° f PG3 °- 10mJ 

» omhmant E cot were grown to an OD of 2.0 (A,^ , in terrific broth and 

me cells were .induced with O.SmM IPTG and samples taken for analysis at 4 

hours post induction. Purification was not done for these studies. 

PG31 

™rt, «. ™* methods USed for PG31 essentially the same as for PG30 
C^^rrT:T° nS - ^ 5 ' Oli 8° nucleo ^e primer sequence was 
CGGGGAATTCGCAAAAATCAATTTCTATGCTGAA, the 3' oligonucleotide 

aTnMA qUenCe T ^TG^CCGCTGTATGCAATAGGGAAAGCTCCGA 
and DNA was amplified with the Tth XL PGR kit The PGR product was 
cloned into the expression plasmid pET24a using the Eco RI and Not I 
ruction sites and transformed ta to Sca»BL2lDE3. Expression studies 
and immunoreactivity studies were carried out on whole E. coli lysates. 
Purification was not done for these studies. 



30 PG32 



35 



witl, «, ^. US6d PG32 ^ essenti ally the same as for PG30 

with the following exceptions. The predicted N-terminal signal sequence was 
removed from the recombinant protein. The 5' oligonucleotide primer 
sequence was CGCAGAATTCCAGGAGAATACTGTACCGGCAACG the 3' 
oligonucleotide primer sequence was 

CTATGCGGCCGCCTTGGAGCGAACGATTACAACAC and DNA was 
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5 for these studies. ™"ysates. Punflcabon was not done 

PG33 

with rt, T J 1 " i meth ° dS US6d far PG33 essentially the same as for PG30 
The 5' oligonucleotide primer sequence was 

and DNA was amplified with the Tth XL PGR kit Thw^p ^ 

restnction sites and transformed into A coli BL21DF? • V, . 

J* were c^^^?££^ 

Punfacation was not done for these studies. y 

20 PG35 

Witt, PG3S eSSOTaaU '' *™> - to PG30 

»as G CGT^ GG CCGCO^^ T ^^~ 

doo.d into tt» « pMTOO a ptomid pEr24a * 
restnction sites and tiaosfonned into coli BL21DE3 F™, L 
and tatnuno ^ studies _ ^ ^EJ^^^^" 

Punhcauon was not done for these studies. 



PG36 



amphf,e<i *e Tth XL PGR kit. Ths PGR p r „ duct TO 
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cloned into the expression plasmid pET24a using theEco RI and Not I 
rest^cu 0nsitesandtransf0rmed into£ . co;yBL21DE3 EKpnHbm ]^ 

and immunoreacuvity studies were carried out on wholeTcoZ.- lysateT 
Purification was not done for these studies. 

PG37 

with tlJfoll m6th0dS US6d PG37 W6re 6SSentiall y same « to 
TCGPP a a^" 8 6XCeptions - The 5 ' oKgonucleonde primer sequence was 

Irimf ^ CGG ^ GAmTGATCGGC ' * e 3 ' oliSonucleouTe 
and DNA qUeDCe ^ CT ^ T ^ CGGCCGCCTTGCT AAAGCCCATCITGCTTCAG 
and DNA was amplified with the Tth XL PGR kit. The PGR product was 
cloned Unto the expression plasmid pET24a using the Eco RI and N tT 
-tnctxonsztes and transformed into* coliBLZWES. Expression studies 
and _reactivity studies were carried out on whole E coli lysates 
Purification was not done for these studies. 

PG38 

with t he^H meth ° dS " Sed "™ tb. same as for PG30 

removed from the recombmant protein. The 5' oligonucleotide primer 
sequence was CCTCGAATTCCAAAAGGTGGCAGTGGTAAACACT the 3- 
oligonucleotide primer sequence was <™*M. . the 3 

^^ GG T G ^ ATOCGAG1TOGCTm -AC and DNA ™, 

Z^S ^ T V- taLUL T ^Rproduc, was cloned into the 
^pressron plasmtd P CT24. using the Eco KI and Not I restriction sites and 
£n formed -bl Uaam Expre^ion studies ^dimmunoreacal 
rZeTrr °" ^ * - "—A- - « done'' 



for these studies 
30 PG39 



35 



wim m, ^tt— ™: 9 t rr^ *• sa ™ as ,otpg3 ° 

removed frornT exc "«* OM - ^ Pooled N-terminal signal sequence was 
removed from the recombinant protein. The s< oligonucleotide primer 
sequence ^AGCTGGATCCCAAGGCGTCAGGGTATCGGGCTAT 1 r 
oligonucleotide primer sequence was 

CTATGCGGCCGCGAATTCGACGAGGAGACGCAGGT and DNA was 
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~ d T " le 7 lh ^ The FCR — <*— • ^ a. 

«p reSS1 on pl Mmld P ET24a using the Bam HI and Not I ^Motion sites ^ 
tinned -Mwm E *P™s i on stu d ieSa ndinnnu„„ re acu7 ty 

PG40 

with tl. T ^, meth ° dS US6d for PG40 were essentially the same as for PG30 
10 * f T 8 eXCepU ° ns - The P redicte <* N-terminal signal sequence was 

10 removed from the recombinant protein. The 5' oligonucleotide primer 

sequence was ' GGCTGAATTCAAGACGGACAACGTCCCGACAGAT, the 3' 

ohgonucleofade primer sequence was 

CTATGCGGCCGCGAAGTTGACCATAACCrTACCCA and DNA was 

15 e™ T ^ ^ ^ ^ Pr ° duCt Was cloned -to the 

Z f J USinS EC ° W ^ Not 1 action sites and 

t^an formed mto E. coli BL21DE3. Expression studies and immunoreactivity 

20 PG41 

with meth ° dS US8d PG41 W6re essentia "y "me as for PG30 

rTmov^d frimTh 116 eXCeP . ti ° nS - ^ PrediCted N - termiDal Si ^ al se ^ ce — 
removed from the recombinant protein. The 5' oligonucleotide primer 

sequence was GACTGAATTCCAAAACGCCTCCGAAACGACGGTA the 3' 
25 oligonucleotide primer sequence was 

CTATGCGCK:CGCTTGTrC(^AATCCCCATGCCGTT and DNA was 
amphfied with the Tth XL PCR kit. The PCR product was cloned into the 
express.on plasmid pET24a using the Eco RI and Not I restriction sites and 
t^an formed mto * co/i BL21DE3. Expression studies and immunoreactivity 

stL^r - out on whoie * -* ■ ~- - - — 



for these studies. 
PG42 



t , ™° methods «««d for PG42 were essentially the same as for PG30 

g^gaa't^ 

GTTTGAATTCGCAAATAATACTCTTTTGGCGAAG, the 3' oligonucleotide 
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primer sequence was 

GAGTGCGGCCGCTTTGCCGGACATCGAAGAGATCGTC and DNA was 
amplified with the Tth XL PCR kit. The PCR product was cloned into the 
expression plasmid pET24a using the Eco RI and Not I restriction sites and 
transformed into E. coli BL21DE3. Expression studies and immunoreactivity 
studies were carried out on whole E. coli lysates. Purification was not done 
for these studies. 



PG43 

The methods used for PG43 were essentially the same as for PG30 
with the following exceptions. The 5' oligonucleotide primer sequence was 
GCGCGAATTCAAAAAAGAAAAACnTGGATTGCG, the 3' oligonucleotide 
primer sequence was CTATGCGGCCGCCTTCAAAGGGAAAGAAGCCTTAAC 
and DNA was amplified with the Tth XL PCR kit The PCR product was 
cloned into the expression plasmid pET24a using the Eco RI and Not I 
restriction sites and transformed into E. coli BL21DE3. Expression studies 
and immunoreactivity studies were carried out on whole E. coli lysates. 
Purification was not done for these studies. 



PG44 

The methods used for PG44 were essentially the same as for PG30 
with the following exceptions. The predicted N-terminal signal sequence was 
removed from the recombinant protein. The 5' oligonucleotide primer 
sequence was AGCCGAATTCTGTAAGAAAAATGCTGACACTACC, the 3' 
oligonucleotide primer sequence was 

CTATGCGGCCGCCTTTTTCCCGGGCTTGATCCCGAT and DNA was 
amplified with the Tth XL PCR kit. The PCR product was cloned into the 
expression plasmid pET24a using the Eco RI and Not I restriction sites and 
transformed into E. coli BL21DE3. Expression studies and immunoreactivity 
studies were carried out on whole E. coli lysates. Purification was not done 
for these studies. 



PG45 

The methods used for PG45 were essentially the same as for PG30 
with the following exceptions. The predicted N-terminal signal sequence was 
removed from the recombinant protein. The 5' oligonucleotide primer 
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sequence ™ GACAGGATCCTGCTCCACCACAAAGAATCTGCCG the 3- 
oll 8 onucleotide primer sequence was 

CTATGCGGCCGCGAAGGGATAGCCGACAGCCAAAT and DNA was 
amphhed w«h tte Tlh a PCR The pcR * ™ 

^T" m i > * PEr24a UStoS ^ B ™ ffi Md N °' I ^triCionH and 
10 PG46 

with thefonr^ forPG46 ^ 6SSentially Same 35 for ^30 

« wT eXCeP , ti ° nS - ^ PrediCted N - termiDal ^ was 
removed from the recombinant protein. The 5' oligonucleotide primer 

sequence was CTCGGAATTCCGITATGTGCCGGACGGTAGCAGA I 3' 
15 oligonucleotide primer sequence was 

CTATGCGGCCGCGAACGGATAGCCTACTGCAA 
amplified with the Tth XL PCR Wt ti.. n ™ j 



, , ~wvj.* j uwiATGT and DNA was 

amplified with the Tth XL PCR kit The PCR pro dnc, was the 
-press.onpto.nid pET24a using the Eco RI and Net I restriction 2s td 

PG47 

with th.? 8 ^ 61110 ^ ^ PG47 W6re esse ^aUy the same as for PG30 
^IZ flT eXCeP ? OUS ' PiediCted ~ Is 
sequence w^T reC ° mbma;it ^ ^ 5 ' Nucleotide primer 

CGCCGAATTCCAAACAGTC^TGACCGGTAAGGTGATCGA^^ the 
3 oligonucleotide primer sequence was 

cToned^tn ' ^ ^ ^ ^ The PCR P^uct was 

cloned into the expression plasmid pET24a using the Eco RI and Not I 

^ction sites and transformed into ^0*131,2^3. Expression studies 
and mununoreactivity studies were carried out on whole E coU lysa te T 
Purification was not done for these studies. 
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PG48 

with the^n 1 " 61110 ^ US6d PG4B ^ SSSentialIy Same - far PG30 
with the following exceptions. The predicted N-terminal signal sequence was 
removed from the recombinant protein. The 5' oligonucleotide pZer 

5 sequence wa ^ TGCTGAATTCCAAAAATCCAAGCAGGTACAGOGA, the 3' 
oligonucleotide primer sequence was 

CTATGCGGCCGCTCGTAACCATAGTCTrGGGTTTTG and DNA was 
amplified with the Tth XL PGR kit The PGR product was cloned into the 

tran formed mto E. coll BL21DE3. Expression studies and immunoreactivity 

TZ~ ed out on whoIe E coU lysates - Pu — ~ - — 

PG49 

15 with the ^nr* 045 PG49 essentiaU >' sam > «» «*o 

removed from the recomburant protein. The 5' oUgonucteotide primer 

oligonucleotide primer sequence was 

20 GAGT^GGCCOTAATCrCGACTTCATACITCTACCAandDNA™ 
ampUfied with the Tth XL PCR kit The PGR product was cloned tTthe 
axpressron plasmld P ET24, using the Bam HI and No, I restriction sites and 
f ormed ,n,o .* coU BL^Ea. Expression studies and immunoreactivitv 

» ^tse~ ° U,0aWh0,eE C0; ' , - teS - ~™ done^ 
PG50 

with th. T fcn meU " ,dS f0rPG5 ° w ° Ie MMnU " 1 * "» -» » toPG30 

removed from the recombmant protein. The 5' oligonucleotide primer 

oZn^ T^^^^^CTGAGTTCAAGTAC. to r 
oligonucleotide primer sequence was 

CTATGCGGCCGCGAACTTCACTACCAAGCCCATGT and DNA was 
ampliTiedwiththeTthXLPCRldt. The PCR product was clonedkito the 

ZZZZ Tt P T 4a USiD8 *" ^ ^ ^ NOt 1 -tricUon: efand 
transformed into E. coh BL21DE3. Expression studies and immunoreactivity 
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PG51 

m S exceptions. The predicted N-termina? <:ian a i 

sequence was TCTTGiWVrrCGCGCAAAGTCTrrTCAGrArrr a a 1 
oligonucleotide prime, .squeacewes ^-^^TCAGCACCGAA, the 3 

PG52 

«*«h the foL^f' f °' *** """ """""^ *• — - *» "=30 
cUT^ ™ XL PGR kit The PCR pn^T 

Purification was not done for these studies. 
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transformed into E. coli BL21DE3. Expression studies and immunoreactivity 
studies were carried out on whole E. coli lysates. Purification was not done 
for these studies. 

PG54 

The methods used for PG54 were essentially the same as for PG30 
with the following exceptions. The predicted N-terminal signal sequence was 
removed from the recombinant protein. The 5' oligonucleotide primer 
sequence was CGCTGAATTCCAGATTTCGTTCGGAGGGGAACCC, the 3' 
oligonucleotide primer sequence was 

CTATGCGGCCGCCTGCTTCACGATCTTTTGGCTCA and DNA was 
amplified with the Tth XL PCR kit The PCR product was cloned into the 
expression plasmid pET24a using the Eco RI and Not I restriction sites and 
transformed into E. coli BL21DE3. Expression studies and immunoreactivity 
studies were carried out on whole E. coli lysates. Purification was not done 
for these studies. 

PG55 

The methods used for PG55 were essentially the same as for PG30 
with the following exceptions. The predicted N-terminal signal sequence was 
removed from the recombinant protein. The 5' oligonucleotide primer 
sequence was CGAGGGATCCGAGCTCTCTATTTGCGATGGCGAG, the 3' 
oligonucleotide primer sequence was 

GAGTGCGGCCGCTCTTACCTGACrrTCTTGTCACGAAT and DNA was 
amplified with the Tth XL PCR kit. The PCR product was cloned into the 
expression plasmid pET24a using the Bam HI and Not I restriction sites and 
transformed into E. coli BL21DE3. Expression studies and immunoreactivity 
studies were carried out on whole E. coli lysates. Purification was not done 
for these studies. 

PG56 

The methods used for PG56 were essentially the same as for PG30 
with the following exceptions. The 5' oligonucleotide primer sequence was 
AAATGGATCCCGAAAAATTTTGAGCTTTTTGATG, the 3' oligonucleotide 
primer sequence was CTATGCGGCCGCTTTGATTCGTAATTTTTCCGTATC 
and DNA was amplified with the Tth XL PCR kit. The PCR product was 
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cloned into the expression plasmid P ET24a using the Bam HI and Not I 
restncnon sites and transformed into E. coli BL21DF1 v mantINot ' 

^_ ca ^ studies were ^J^z^™z;r° s 

Punfication was not done for these studies. 
PG57 

with the ^r eth0dS 7 ^ 6SSentiaI1 y * e «"» - for PG30 

:r nee ~ T^TCC^ 3, 
oligonucleotide primer sequence was ^ ^ 3 

GAGTCCGGCCGCTCGGCCTClTTATCTCTACCTTTTr nu. 
amplified with the Tth XL PGR kit ThTS ^77 "1 * ^ 
expression plasmid dET^» *u t P * WM d ° ned mto me 

transformed^^ 

studies were carried ^a^ 1 -"^ 

for these studies. 7 Punfication was not done 

PG58 



20 



25 



with th T ^ meth0dS US6d f ° r PG58 were essentially the same as for PG30 



30 for these studies 
PG59 



35 



with the foL'winr 8 US6d PG59 W8r&eSSen tialIy Same - ^0 
witn trie following exceptions. The predicted N-terminal i 

~ tem the recon^, pro l. T „ e 5 fl~XZr 
sequence was TGCTGAATTCCAACAAGAGAAGCAGGTG7TTCAX Uie f 
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oligonucleotide primer sequence was 

GAGTGCGGCCGCTGAAGATGCTC'rrATCGTCCAAACG and DNA was 
amplified with the Tth XL PGR kit The PGR product was cloned JTL 
expressxon plasmid P FT24a using the Eco RI and Not I restriction Tes Id 
trans ormed into £ coli BL21DE3. Expression studies and immunotacttl 

PG60 

with fl M I ^ i meth0dS US " i f " * aX ' ^ eS3SnasU y "» san * « 



"™ .™ U iumam protein. The 5' oligonucl 

_ GGCGGAATTCCAGATCCTCAATACTCCTTTCGAG In. 3' 

oligonucleotide primer sequence was 

GAGT^GGCCGCTGAAGAGGTAGGAGATATTGCAGAT end DNA was 
amphfted «» the Tth XL PCR kit. The PCR product was cloned intole 
^ssion piasmid PET24a using the Eco RI and No. I restriction ££i 
stdt™.t """.V 0 ""^ 3 - ^P--« Wiesandimmunore ac^t, 
^ ° M OT Wh °' e * *" - -o, done* 



15 



20 for these studies 
PG61 



with the 1^1 ^ ^ eSSentiaUy Same as fo * ^30 

rlv^ eXCeP h ti ° nS - ^ PrediCted N - ter ^ -quence was 

removed from the recombinant protein. The 5' oligonucleotide primer 

sequence was = AGCAGAAITCCCCGTCTCCAACAGCGA GATAGAT the 3' 
oligonucleotide primer sequence was 

f^^^^ and DNA was 

amplified with the Tth XL PCR lot Th« dpd j 

expression n u «T he PCR P roduct was cloned into the 

e^ss 10 n plasmid pET2 4a using the Eco RI and Not I restriction sites and 
Wformed into E. coli BL21DE3. Expression studies and immunorllctiL 
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PG62 

The methods used for PG62 were essentially the same as for PG30 
with the following exceptions. The predicted N-terminal signal sequence was 
removed from the recombinant protein. The 5' oligonucleotide primer 
sequence was TGCTGAATTCCAGCGGTTTCCGATGGTGCAGGGA, the 3' 
oligonucleotide primer sequence was 

GAGTGCGGCCGCTGAAGTGAAATCCGACACGCAGCTG and DNA was 
amplified with the Tth XL PGR kit The PGR product was cloned into the 
expression plasmid pET24a using the Eco RI and Not I restriction sites and 
transformed into* coii BL21DE3. Expression studies and immunoreactivity 
studies were carried out on whole E. coli lysates. Purification was not done 
for these studies. 

PG63 

15 :u <u T f h ^ meth ° ds Used for PG6 3 were essentially the same as for PG30 

with the following exceptions. The predicted N-terminal signal sequence was 
removed from the recombinant protein. The 5' oligonucleotide primer 
sequence was GGCAGAATTCCAAGAAGCAAACACTGCATCTGAC the 3' 
oligonucleotide primer sequence was 

20 GAGTGCGGCCGCTGAAAGTGTACGCAACACCCACGCC and DNA was 
amplified with the Tth XL PGR kit. The PGR product was cloned into the 
expression plasmid P ET24a using the Eco RI and Not I restriction sites and 
transformed into E. coli BL21DE3. Expression studies and immunoreactivity 
studies were carried out on whole E. coli lysates. Purification was not done 
tor these studies. 

PG64 



30 



35 



*u T ^ methods used for PG64 were essentially the same as for PG30 
with the following exceptions. The predicted N-terminal signal sequence was 
removed from the recombinant protein. The 5' oligonucleotide primer 
sequence was TGCTGAATTCCAGAGTCGTCCTGCTCTTAGACTG, the 3' 
oligonucleotide primer sequence was 

GAGTGCGGCCGCTGAAGCGAACACCGAGACCCACAAA and DNA was 
amphfied with the Tth XL PGR kit. The PGR product was cloned into the 
expression plasmid P ET24a using the Eco RI and Not I restriction sites and 
transformed into* co// BL21DE3. Expression studies and immunoreactivity 
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studies were carried out on whole E. coli lysates. Purification was not done 
for these studies. 

PG6S 

The methods used for PG65 were essentially the same as for PG30 
with the following exceptions. The predicted N-terminal signal sequence was 
removed from the recombinant protein. The 5' oligonucleotide primer 
sequence was GGCCGGATCCATCGGACAAAGCCGCCCGGCACTT, the 3' 
oligonucleotide primer sequence was 

GAGTGCGGCCGCTAAAGCGGTAACCTATGCCCACGAA and DNA was 
amplified with the Tth XL PCR kit The PCR product was cloned into the 
expression plasmid pET24a using the Bam HI and Not I restriction sites and 
transformed into E. coli BL21DE3. Expression studies and immunoreactivity 
studies were carried out on whole E. coli lysates. Purification was not done 
for these studies. 

PG66 

The methods used for PG66 were essentially the same as for PG30 
with the following exceptions. The predicted N-terminal signal sequence was 
removed from the recombinant protein. The 5* oligonucleotide primer 
sequence was GTTTGAATTCCAAGACGTTATCAGACCATGGTCA, the 3' 
oligonucleotide primer sequence was 

GAGTGCGGCCGCTAAAATGAGTGGAGAGCGTGGCCAT and DNA was 
amplified with the Tth XL PCR kit The PCR product was cloned into the 
expression plasmid pET24a using the Eco RI and Not I restriction sites and 
transformed into£. co/iBL21DE3. Expression studies and immunoreactivity 
studies were carried out on whole E. coli lysates. Purification was not done 
for these studies. 

PG67 

The methods used for PG67 were essentially the same as for PG30 
with the following exceptions. The predicted N-terminal signal sequence was 
removed from the recombinant protein. The 5' oligonucleotide primer 
sequence was GAACGAGCTCGCGGAACGTCCTATGGCCGGAGCA, the 3' 
oligonucleotide primer sequence was 

GAGTGCGGCCGCTATACCAAGTATTCGTGATGGGACG and DNA was 
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amplified with the Tth XL PCR kit Th 

expression plasmid pET24a usin, * q ^ d ° ned into 

donned into £ ^£^2 SaC ' N °< ' site, end 

studies „ 8re carried ou( 0 ™^„77 *f - ^unoreactivity 

for these studies lySateS ' Purif *ation was not done 



PG68 



10 



15 



sequence „. s CCTTGCOGCrnr^' ol "S°">»cleoade primer 

ougonuciecde ^ ^^W™, , 

"S^™^™^ and DNA „ 
expression piasmid pE^^Jno^ ~ into the 

transformed into £. coii BL2UJ E f 7 1 ™ sWl!,i ™ •«■» and 

studies were carried out on whole 'b St ° di8s " d ™nore.=,ivi ty 
for these studies. lySates - p °rifiMHon was not done 
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The methods used for vn^a * 

«*. «- W io^„ g «ce P it r P :i ~ ,y th v ams " for pgw 

f«™ the reoornbinen, p„,eL ^ ™ 

expression plasmid D ET?^ a • u P ro duct was cloned into the 

transwLn^^^^^ 

studies were carried out on whol! 'p /T^ and ^unoreactivity 

for these studies. yS3teS - Purifi ^tion was not donp 
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Ptotein. The 5' oligonucleotide primer 
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sequence was CGGTGGATCCTCGCAAATGCTCTTCTCAGAGAAT the 3' 
oligonucleotide primer sequence was 

GAGTGCGGCCGCTAAACGAAATATCGATACCAACATC and DNA was 
amplified with the Tth XL PGR kit. The PGR product was cloned into the 
expression plasmid pET24a using the Bam HI and Not I restriction sites and 
transformed into E. coli BL21DE3. Expression studies and immunoreactivity 
studies were earned out on whole E. coli lysates. Purification was not done 
for these studies. 



10 PG71 



«. T ^ meth0ds for PG71 w «e essentially the same as for PG30 
with the following exceptions. The predicted N-terminal signal sequence was 
removed from the recombinant protein. The 5' oligonucleotide primer 

sequence was TGCTGAATTCCAGAACAATACCCTCGATGTACAC, the 3' 
15 oligonucleotide primer sequence was 

GAGTGCGGCCGCTATTGCCGGTAGGATITCCITGTCC and DNA was 
amplified with the Tth XL PGR kit The PGR product was cloned into the 
express plasmid P ET24a using the Eco RI and Not I restriction sites and 



, c , . " ~ * iciuimun sites and 

transformed into E. coli BL21DE3. Exi^n .tadto. nnd inununo«clivity 

°" Wh °" E - done* 



for these studies. 
PG72 



with th ™* meth ° ds US6d for PG72 we ~ essentially the same as for PG30 
T™h fT 8 CXCepti0ns - The P redic ^ N-tenninal signal sequence was 
removed from the recombinant protein. The 5' oligonucleotide primer 
sequence was TGCTGAATTCGGAGAGCGACTGGAGACGGACAGC the 3' 
oligonucleotide primer sequence was 

GAGT^GGCCGCTATGATTGCCrrTCAGAAAAGCTAT and DNA was 
amphfied with the Tth XL PGR kit The PGR product was cloned into the 
express p Wid pET24a using the Eco RI and Not I restriction sites and 
formed TGCTGAATTGGGAGAGCGACTGGAGACGGACAGC into Tcdi 

ontTf p. P ; rc , SS1 ° n StUdi6S ^ immu ^ reac ^ty studies were carried out 
on whole E. cob lysates. Purification was not done for these studies 
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PG73 

«W« P^d p£T24a ^h^?^"?,"" ""^ ""° *" 

^formed into £ BL21DE3 IT T <"» «°* 

for these studies. ^ates. Purification was not done 



PG74 



15 



20 



25 



remove ^ J^^^T^ J^T - "! ^ ~ 

sequence was TGCTGAATTCr A AnAA^a T^. 6b *>>™*~*** Primer 
o^onuc^e^^^^^^TCA. the 3- 

expression nl.c • j ^ P roduct was cloned into the 

„ere earned « ^X'"^ ^«*% 
for these studies. flutes. Purification was not done 
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with uJfon melh ° dS ^ PG?5 Were """"I* *e same as for PG30 

nuance w^^CCC^ 0^?*°™^ P «™ 

Primer ^^^^^^ *• * 

BL21DE3. Expression studies and immunoreactivity 
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studies were carried out on whole E. coli lysates. Purification was not done 
tor these studies. 

PG76 

5 -A >u 7n meth ° dS f ° r PG76 W6re esse *tially the same as for PG30 
wuh the following exceptions. The predicted N-terminal signal sequence was 
removed from the recombinant protein. The 5' oligonucleotide primer 
sequence was AGCAGAATTCGGAAACGCACAGAGCTTTTGGGAA the 3' 
oligonucleotide primer sequence was 

10 GAGTGCGGCCGCTTACCTGCACCTTATGACTGAATAC and DNA was 
amplified with the Tth XL PGR kit The PGR product was cloned into the 
expression plasmid pET24a using the Eco RI and Not I restriction sites and 
transformed into E. coli BL21DE3. Expression studies and immunoreactivity 

15 FT T, CaiTied ° Ut ° D Wh ° le K C0U lySat6S - Nation was not done 
15 tor these studies. 

PG77 

... . T ^ method s u«d for PG77 were essentially the same as for PG30 
with the foUowing exceptions. The predicted N-terminal signal sequence was 
20 removed from the recombinant protein. The 5' oligonucleotide primer 

sequence was TGCTGAATTCCAAGAGAAAAAGGATAGTCTCTCT the 3' 
oligonucleotide primer sequence was 

GAGTGCGGCCGCTCTTCTTATCGCCATAGAATACAGG and DNA was 
amplified with the Tth XL PGR kit The PGR product was cloned into the 
expression plasmid pET24a using the Eco RI and Not I restriction sites and 
transformed into E. coli BL21DE3. Expression studies and immunoreactivity 
studies were carried out on whole B. coli lysates. Purification was not done 
for these studies. 

30 PG78 

with «. T ! le i meth0dS US6d f ° r PG78 Were ""entially the same as for PG30 
w^ the following exceptions. The predicted N-terminal signal sequence was 
removed from the recombinant urotPin Th. *• „w . 
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. ^iwm. ine preoicted N-terminal signal sequence 
removed from the recombinant protein. The 5' oligonucleotide primer 
sequence was GGCAGAATTCCAGGATTCTTCCCACGGTAGCAAT, the 3' 
oligonucleotide primer sequence was 

GAGTGCGGCCGCTATCATGATAGTAAAGACTGGTTCT 



' and DNA was 
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amplified with the Tth XL PCR kit The PPR nr a > 
PG79 

GAGTGCGGCCGCTGCCGTCCTGCCTITCTGCCTGACr fln H n» 4 
amplified with the Tth XL PCR Wf ™ ^JL ° 311(1 DNA was 

PG80 
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35 



GAGTGCGGCCGCTGTTGAAAGTCCATITGACCGCAAG „nrf n M A 
wSr/SS the Eco RI and No , , restriclion sites ^ 

for these studies. ^ates. Punfication was not done 

PG81 
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oligonucleotide primer sequence was 

for these studies. lysates. Purification was not done 

PG82 

U.." g tCt T T "■"^ 1,18 ~" ~ *» «*> 
sequence was GAACGAATTY-r-!^ ^. oh 8 < »"«=l e oUde prime, 
ou.onnCeo.id. pri^™^^™^™- - * 

expression pIasmId J^*^ The «=" !*>*'* ™ doaed into the 

for these studies. ^ates. Purification was not done 



PG84 
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~ iron, J-SSZ.^TS ^ ~ was 

sequence ™ TGCTGGATCfT- An a!^. "UgonucJeoUde primer 

^onuCeotide p^^r™^^^ 3 ' 

expression plasnud nFfiL ™° Pr ° duct ™» <=l°ned tato the 

^ t!™ 111 Not 1 » — - 

studies were carted o„, on J^'/ST"? T" i "™-<*vity 
for these studies. yM * ,S ' p »rtnc.ti°n was not done 
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PG85 



The methods used for PG85 were essentially the same as for PG30 
with the following exceptions. The predicted N-terminal signal sequence was 
removed from the recombinant protein. The 5' oligonucleotide primer 
sequence was CGGTGAATTCGTACCAACGGACAGCACGGAATCG, the 3' 
oligonucleotide primer sequence was 

GAGTGCGGCCGCTCAGATTGGTGCTATAAGAAAGGTA and DNA was 
amplified with the Tth XL PCR kit. The PCR product was cloned into the 
expression plasmid pET24a using the Eco RI and Not I restriction sites and 
transformed into E. coli BL21DE3. Expression studies and immunoreactivity 
studies were carried out on whole E. coli lysates. Purification was not done 
for these studies. 

PG86 

The methods used for PG86 were essentially the same as for PG30 
with the following exceptions. The predicted N-terminal signal sequence was 
removed from the recombinant protein. The 5' oligonucleotide primer 
sequence was TGCTGGATCCCAAACGCATGATCATCTCATCGAA, the 3' 
oligonucleotide primer sequence was 

GAGTGCGGCCGCTGTGGTTCAGGCCGTGGGCAAATCT and DNA was 
amplified with the Tth XL PCR kit. The PCR product was cloned into the 
expression plasmid pET24a using the Bam HI and Not I restriction sites and 
transformed into E. coli BL21DE3. Expression studies and immunoreactivity 
studies were carried out on whole E. coli lysates. Purification was not done 
for these studies. 

PG87 

The methods used for PG87 were essentially the same as for PG30 
with the following exceptions. The predicted N-terminal signal sequence was 
removed from the recombinant protein. The 5' oligonucleotide primer 
sequence was GGCGGAATTCCAGAGCTATGTGGACTACGTCGAT, the 3' 
oligonucleotide primer sequence was 

GAGTGCGGCCGCTATTACTGTGATTAGCGCGACGCTG and DNA was 
amplified with the Tth XL PCR kit. The PCR product was cloned into the 
expression plasmid pET24a using the Eco RI and Not I restriction sites and 
transformed into E. coli BL21DE3. Expression studies and immunoreactivity 



-n. ic:, csi o «3uiiC3iic:c3.0Q 



WO 99/29870 PCI7AU98/01023 

71 

studies were carried out on whole E. coli lysates. Purification was not done 
for these studies. 

PG88 

5 The methods used for PG88 were essentially the same as for PG30 

wxth the following exceptions. The predicted N-terminal signal sequence was 
removed from the recombinant protein. The 5' oligonucleotide primer 
sequence was AGCAGAATTCGCCGAATCGAAGTCTGTCTCTTTC the 3' 
oligonucleotide primer sequence was 

10 GAGTGCGGCCGCTCGGCAAGTAACGCTTTAGTGGGGA and DNA was 
amplified with the Tth XL PGR kit. The PGR product was cloned into the 
expression plasmid P ET24a using the Eco RI and Not I restriction sites and 
transformed into E. coli BL21DE3. Expression studies and immunoreactivity 
studies were carried out on whole E. coli lysates. Purification was not done 

15 for these studies. 

PG89 

The methods used for PG89 were essentially the same as for PG30 

20 * f ^ 6XCepti0nS - The P radicte d N-terminal signal sequence was 

20 removed from the recombinant protein. The 5' oligonucleotide primer 
sequence was TGCTGAATTCCAATCGAAGTTAAAGATCAAGAGC, the 3' 

oligonucleotide primer sequence was 

GAGTGCGGCCGCTATTAGTCCAAAGACCCACGGTAAA and DNA was 
amplified with the Tth XL PGR kit The PGR product was cloned into the 
25 expression plasmid P ET24a using the Eco RI and Not I restriction sites and 
transformed into E. coli BL21DE3. Expression studies and immunoreactivity 
studies were carried out on whole E. coli lysates. Purification was not done 
lor these studies. 

30 PG90 

>u meth ° ds Used for PG90 were essentially the same as for PG30 
with the following exceptions. The predicted N-terminal signal sequence was 
removed from the recombinant protein. The 5' oligonucleotide primer 
sequence was GGCAGAATTCCAAACAACGACGAACAGTAGCCGG the 3' 
35 oligonucleotide primer sequence was 

GAGTGCGGCCGCTTTTTTGTTGTGATACTGTTTGGGC and DNA was 
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amplified with the Tth XL PrR Irif tv,~ dhd * 

expression „i„^-/ «T The PCR Product was cloned into the 

ZT , PCT24a * e EC ° M ^ d Not 1 *» Wction sites and 

transformed into£* coli "RT 9im?o ^ a 

PG91 

with ^ PG91 Wm eSSenUa "y *• «- - »» «=30 

removed from the recombinant protein. The 5' oligonucleotide primer 

sequence WaS TCCTC ^™CAGACGATGGGA<i A G A TGATC?rL r 
oligonucleotide primer sequence was AGATGATGTC, the 3 

GAGTCCGG^GCTrrCCACGATGAGCTrCTCTAGGAA and DNA was 
amphned wrth the Tth XL FCR Ht ^ rcR produc , „ M 

sTud " °* BL21DE3 ' S,Ud ' M - —realty 
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with tlJfonr- h ° dS " 5ed f ° r fG92 WeTe the same as for PG30 

emoved from the recombinant protein. The 5' oligonucleotide primer 
sequence was GGCCGAATTCGCCGATGCACVAAGCTCTGTCTCT ^he , 
r ohgonucleotide primer sequence was <"<-'CT. the 3 

GAGTMCGCCGCTrCGAGGACGATTGCrrAGrTCGTAand DNA was 
^ —Jnia A ° T ' h J Lm ^ PCR product was clon^L 

studies w»„, „ j BL21DE3. Expression studies and immunoreactivitv 
PG93 

with thefon 1116 ^ 5 US6d PG93 WCTe 6SSentially same « *» PG30 

~ Z7::7::* oa \ The predicted ^ *™ - 

d trom the recombxnant protein. The 5' oligonucleotide primer 
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sequence was GGCCGAGCTCCAAGAGGAAGGTATTTGGAATACC, the 3' 
oligonucleotide primer sequence was 

GAGTGCGGCCGCTGCGAATCACTGCGAAGCGAA.TTAG and DNA was 
amplified with the Tth XL PCR kit. The PCR product was cloned into the 
5 expression plasmid pET24a using the Sac I and Not I restriction sites and 

transformed into E. coli BL21DE3. Expression studies and immunoreactivity 
studies were carried out on whole E. coli lysates. Purification was not done 
for these studies. 

10 PG94 

The methods used for PG94 were essentially the same as for PG30 
with the following exceptions. The predicted N-terminal signal sequence was 
removed from the recombinant protein. The 5' oligonucleotide primer 
sequence was GGCCGAGCTCCAAGAGGAAGGTATTTGGAATACC, the 3' 
15 oligonucleotide primer sequence was 

GAGTGCGGCCGCTTTGTCCTACCACGATCATTTTCTT and DNA was 
amplified with the Tth XL PCR kit The PCR product was cloned into the 
expression plasmid P ET24a using the Eco RI and Not I restriction sites and 
transformed intoi?. coli BL21DE3. Expression studies and immunoreactivity 
studies were carried out on whole E. coli lysates. Purification was not done 
for these studies. 

PG95 

The methods used for PG95 were essentially the same as for PG30 
with the following exceptions. The predicted N-terminal signal sequence was 
removed from the recombinant protein. The 5' oligonucleotide primer 
sequence was GGCCGAGCTCTGTGGAAAAAAAGAAAAACACTCT, the 3' 
oligonucleotide primer sequence was 

GAGTGCGGCCGCTAACTGTCTCCTTGTCGCTCCCCGG and DNA was 
amplified with the Tth XL PCR kit. The PCR product was cloned into the 
expression plasmid P ET24a using the Sac I and Not I restriction sites and 
transformed into E. coli BL21DE3. Expression studies and immunoreactivity 
studies were carried out on whole E. coli lysates. Purification was not done 
for these studies. 



•rP^i --i-'-Mt rtV^t -^"^i .{"^, 

« "an o-t, e.™ ira 



l""ti tJ^fe 

j» IL.U IL'oi Id Ui 1LJ3 



WO 99/29870 PCT/AU98/01023 

74 

PG96 

The methods used for PG96 were essentially the same as for PG30 
with the following exceptions. The predicted N-terminal signal sequence was 
removed from the recombinant protein. The 5' oligonucleotide primer 
sequence was TGCTGAGCTCCAAACGCAAATGCAAGCAGACCGA, the 3' 
oligonucleotide primer sequence was 

GAGTGCGGCCGCTTTTGAGAATTTTCATTGTCTCACG and DNA was 
amplified with the Tth XL PCR kit. The PCR product was cloned into the 
expression plasmid pET24a using the Sac I and Not I restriction sites and 
transformed into E. coli BL21DE3. Expression studies and immunoreactivity 
studies were carried out on whole E. coli lysates. Purification was not done 
for these studies. 

PG97 

The methods used for PG97 were essentially the same as for PG30 
with the following exceptions. The predicted N-terminal signal sequence was 
removed from the recombinant protein. The 5' oligonucleotide primer 
sequence was GGCGGGATCCCAGTTTGTTCCGGCTCCCACCACA, the 3' 
oligonucleotide primer sequence was 

GAGTGCGGCCGCTCTGTTTGATGAGCTTAGTGGTATA and DNA was 
amplified with the Tth XL PCR kit The PCR product was cloned into the 
expression plasmid P ET24a using the Bam HI and Not I restriction sites and 
transformed into E. coli BL21DE3. Expression studies and immunoreactivity 
studies were carried out on whole E. coli lysates. Purification was not done 
for these studies. 

PG98 

The methods used for PG98 were essentially the same as for PG30 
with the following exceptions. The predicted N-terminal signal sequence was 
removed from the recombinant protein. The 5' oligonucleotide primer 
sequence was AGCAGAATTCCAAGAAAGAGTCGATGAAAAAGTA, the 3' 
oligonucleotide primer sequence was 

GAGTGCGGCCGOTAGCTGTGTAACATTAAGTTTTTTATTGAT and DNA 
was amplified with the Tth XL PCR kit The PCR product was cloned into 
the expression plasmid pET24a using the Eco RI and Not I restriction sites 
and transformed into E. coli BL21DE3. Expression studies and 
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immunoreactivity studies were carried out on whole E. coli lysates. 
Purification was not done for these studies. 

PG99 

5 The methods used for PG99 were essentially the same as for PG30 

with the following exceptions. The predicted N-terminal signal sequence was 
removed from the recombinant protein. The 5' oligonucleotide primer 
sequence was TGCTGAATTCAAGGACAATTCTTCTTACAAACCT, the 3' 
oligonucleotide primer sequence was 

10 GAGTGCGGCCGCTTCGAATCACGACTTTTCTCACAAA and DNA was 
amplified with the Tth XL PCR kit. The PGR product was cloned into the 
expression plasmid pET24a using the Eco RI and Not I restriction sites and 
transformed into E. coli BL21DE3. Expression studies and immunoreactivity 
studies were carried out on whole E. coli lysates. Purification was not done 

15 for these studies. 

PGlOO 

The methods used for PGlOO were essentially the same as for PG30 
with the following exceptions. The predicted N-terminal signal sequence was 
20 removed from the recombinant protein. The 5' oligonucleotide primer 
sequence was GGCAGAATTCCAGTCTTTGAGCACAATCAAAGTA, the 3' 
oligonucleotide primer sequence was 

GAGTGCGGCCGCTGATAGCGAGCITGATGCTCTTAGC and DNA was 
amplified with the Tth XL PCR kit The PCR product was cloned into the 
expression plasmid pET24a using the Eco RI and Not I restriction sites and 
transformed into E. coli BL21DE3. Expression studies and immunoreactivity 
studies were carried out on whole E. coli lysates. Purification was not done 
tor these studies. 

30 PGlOl 

The methods used for PGlOl were essentially the same as for PG30 
7^rlt^ g e * ce P*°*s. The 5' oligonucleotide primer sequence was 

TGCTGAATTCAAAGGCAAGGGCGATCTGGTCGGG, the 3' oligonucleotide 
primer sequence was 

35 GAGTGCGGCCGCTTCTCTTCTCGAACTTGGCCGAGTA and DNA was 
amplified with the Tth XL PCR kit. The PCR product was cloned into the 
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expression plasmid pFT24a using the Eco RI and Not I restriction sites and 
transformed into E. coli BL21DE3. Expression studies and immunoreactivity 
studies were carried out on whole E. coli lysates. Purification was not done 
for these studies. 

5 

PG102 

The methods used for PG102 were essentially the same as for PG30 
with the following exceptions. The predicted N-terminal signal sequence was 
removed from the recombinant protein. The 5' oligonucleotide primer 
10 sequence was GGCCGAATTCCAGATGGATATTGGTGGAGACGAT, the 3' 
. oligonucleotide primer sequence was 

GAGTGCGGCCGCTCTCTACAATGATTTTTTCCACGAA and DNA was 
amplified with the Tth XL PGR kit The PGR product was cloned into the 
expression plasmid pET24a using the Eco RI and Not I restriction sites and 
transformed into E. coli BL21DE3. Expression studies and immunoreactivity 
studies were carried out on whole E. coli lysates. Purification was not done 
tor these studies. 
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PG104 



The methods used for PG104 were essentially the same as for PG30 
with the following exceptions. The predicted N-terminal signal sequence was 
removed from the recombinant protein. The 5' oligonucleotide primer 
sequence was GAACGGATCCAACGTGTCTGCTCAGTCACCCCGA the 3' 
oligonucleotide primer sequence was 

GAGTGCGGCCGCITCrcAGCGATACTTTTGCACGTAT and DNA was 
amplified with the Tth XL PGR kit The PGR product was cloned into the 
expression plasmid pET24a using the Bam HI and Not I restriction sites and 
transformed into E. coli BL21DE3. Expression studies and immunoreactivity 
studies were carried out on whole E. coli lysates. Purification was not done 
lor these studies. 

Animal antisera and human patient sera. 

Various antisera were raised for detecting the expression and 
refolding of the recombinant P. gingivoJis proteins. A whole cell antisera was 
raised by injecting New Zealand White rabbits with 3 doses of sonicated 



0«3i:I 1ES6 .062S0C 



WO 99/29870 PCT/AU98/01023 

77 

P. gingivalis (strain W50) containing approximately 2mg of protein The first 
dose was given in Freunds complete adjuvant (FCA) and the second and third 
doses were given in Freunds incomplete adjuvant (IFA) at 3 week intervals 
Doses (iml) were given intramuscularly into the hind legs and rabbits bled 7 
days after the last dose, the blood clotted and serum removed and stored at - 
20 C until required. A second rabbit antisera was produced in a similar 
manner but using a sarkosyl insoluble fraction (each dose was 0.69mg of 
protein) derived fromP. gingivalis W50 according to the method of Doidg and 
Trust T. et al 1994 as the immunogen. A third rabbit antisera was produced 
in a similar manner to the first only the sarkosyl soluble fraction (Img of 
protem per dose) derived fromP. gingivalis W50 cells according to the 
method of Doidg P. and Trust TJ. (1994 Infect Immun 62:4526-33) was used 
as the immunogen. 

A "protected rat serum" pool was also used in these studies and was 
obtained from rats immunised with formalin killed whole P. gingivalis cells 
in FIA (strain ATCC 33277; 2 doses of 2xlO fl cells, 3 weeks apart). Rats were 
then challenged 2 weeks after their last dose with live P. gingivalis cells 
(strain 33277) given orally as previously described (Klaussen B. et al. 1991 
Oral Microbiol Immunol 6:193-201) and the serum obtained from these rate 6 
weeks after the final challenge inoculation at the time of sacrifice. 

Human sera were obtained from adult patients undergoing treatment 
or assessment for periodontitis at an outpatient clinic. These patients had at 
least 6 teeth with 6mm attachment loss and had P. gingivalis present in their 
sub-gingival plaque as detected using a P. gingivalis specific DNA probe 
Sera was pooled from these patients and compared to a pool of sera from 
penodontally healthy patients. 

Immunization and Murine Lesion Model Protocols 

The mouse abscess model was used to assess the efficacy of 
immunising mice with recombinant P. gingivalis proteins in protecting mice 
from formation of a subcutaneous abscess. This model has been used by 
others as a predictor of potential vaccines against periodontal disease (Bird 
PS, et al. 1995 J. Periodontal. 66:351-362. BALB/c mice 6-8 weeks old were 
immunised by subcutaneously injecting them with 0.1 ml containing either 
10 or 20ug of recombinant P. gingivalis protein, 20ug of E. coli lysate protein 
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2 x 10> formalin killed cells of P. ^VoJ* strain 33277 emulsified in 

adju r (IFA; sigma) ° n d - ° - £££ — 

ooay levels. At day 35 mice all mice were challenged with 
approbate* 2 x 10° cells of live P. g^VoI* (ATCC \ 
subcutaneous injection in the abdomen. Following challenge Le were 

nextlO days. Le Slon sxzes were measured by length and width and expressed 

ZZ A and UPS T StadStiCaIly a ^-Wallis on^y 

^ ^e^ f ° iDdlVidUa1 ^ — *»* --g the unpaired t test o7 
Mann-Whxtney rank sum test using the Instat statistical package 

IfZlnU.Z Zr ^ ^ WM DOt ^ ite ^nificantly 

different tp-0.07) compared to the E. coli control group 

Figure 2 shows the results of a separate experiment using 
combinations of recombinant proteins. Mice riven Pd + vro k , 

Immunoscreening 

~ add : 8 to ;^ ^ * »■ *» (xoo.,, 
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onto Hybond-C Extra nitrocellulose membranes (Amersham) by transblotting 
and the membranes were then blocked for 2h at room temperature (RT) in 5% 
skim milk in 20mM Tris, 0.5M NaCl, 0.05% Tween-20. pH 7.5 (TTBS). 
Immunoscreening was performed separately with the rabbit 
5 anti-P. gingival* whole cell serum, the rat protective serum, a pool of human 
periodontal patients serum, and in many cases an anti-T7-Ta g antibody HRP 
conjugate (Novagen). Prior to use. the rabbit, rat and human sera were 
diluted V5000, 1/1000 and 1/500 respectively in 5% skim milk in TTBS and 
absorbed with lOOul (for the rabbit serum) or 250ul (for the rat and human 
10 sera) E. coli extract (20mg/ml; Promega) for 6h at RT. 

Membranes were incubated overnight at RT with the absorbed 
antisera, or for 1 hr atRT with 1/5000 diluted ann-T7-Teg conjugate. 
Following 3xl0min washes with TTBS, HRP-conjugated anti-rabbit (Silenus), 
anti-mouse (Silenus) or anti-human (KPL) antibody, diluted 1/5000 in 5% 
15 skim milk in TTBS, was added for Ih at RT. Membranes were washed as 
before, prior to addition of TMB membrane peroxidase substrate (KPL) for 
detection of immunoreactive proteins. Results of reactivity for the 
recombinant! 3 , gmgivalis proteins is shown in Table 7. 

In addition some of the sera (pooled sera diluted 1/1000) from the 
mice immunised with P. gmgivalis recombinant proteins (prior to challenge) 
were analysed for their reactivity against Western blots of whole native W50 
P. gmgivalis proteins using similar techniques as those outlined above. PG2, 
PG8A, PG29 and PG3 all showed bands at a similar molecular weight to that 
of the recombinant PG protein in the native W50 blot This indicates that PG 
proteins are expressed in the W50 strain and that the recombinant proteins 
have at least some identical immunogenicity to the native proteins. 

m-RNA analysis 
30 Hot Phenol RNA Extraction 

P. gingivalis W50 cells (150ml culture) were grown anaerobically to 
nud log phase (OD A floo =0.18) mixed with 50% glycerol and stored at -70°C 
until RNA extraction. Cells were pelleted by centrifugation at 6000g, and 
35 resuspended in 8ml ASE (20mM NaOAc, 0.5% SDS, UnM EDTA) An equal 
volume of 20mM NaOAc(pH 4.5)-saturated phenol was added and mixed by 
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^ for 30 seconds, incubated at 55»C for 5 minutes, followed by a 
forth* 5 second shaking and repeated incubation. After cooling, 2rnl 

7 eating pheno1 311(1 chWorm ^ The ~ 

we alded^r ^ ^ 10 ° URNase ^ibitor fRNAsin; Promega) 
Tl^r PreCipitated ^ 3 Volumes 10096 ethanol at Jc 
7c ^ 5 I — —red by centrifugation at lOOOOg at 

IVo JJs^T- &6 T aShed 100 % ^nol, dried and resuspendfd 
m 600^1 sterde, dexomsed, dB.0 with 1^1 of fresh RNase inhibitor RNA was 
ahquoted an d stored at - 70 'C. The RNA concentration was deterLnT 

SSSTT^" A ™ A firmed RNA integrity 

(Sambrook J. et al. 1989, Molecular Cloning. A laboratory manual. Cold 
Spring Laboratory Press, New York. 2nd Edition). 
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nm to ' S °' lted — template for Reverse Transcription 

each RNA transcript was potentially present at different levels Subsequent 

(TcT™ T PertM,ned "*» P °'~ Cnafn te=cr„ 
El™ i Panned using GeneAmp® RNA PGR Kit (Perkin 

Z Z ? ~ n **» rt I"*- *• foiled exception 

pn.se 72 C for 1 minute. Amplification was performed in a PTC-100 
Programable Thermal Controller fM, Research Inc.). As a cornel to 

^Products TranSmpteSe ««*-> »» —"I f-m a parallel tube. The 
PGR products were examined against DNA markers (GIBCO UcB ladder) on a 
1% agarose gel stained with ethidium bromide. ' 
RT-PCR results are shown in Table 6 using the oligonucleotide 

£S£T£ 3 SeCU ° n deS ° ribed ab ^««P' f°r the following changes, 
for PGl the 3 reverse primer used was 
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GCGCCTCGAGATTCATTTCCTTATAGAG, for PG4 the 5' forward primer 
was CTTCTTGTCGACTACAGCGGACATCATAAAATC and the 3' reverse 
primer was TTCCACCTCGAGTTAACGCAACTCTTCTTCGAT, for PG6 the 5' 
forward primer was TAAAGAATTCTGCCTCGAACCCATAATTGCTCCG, for 
PG10 the 5' forward primer was CGCGCATATGGATAAAGTGAGCTATGC 
and the 3' reverse primer was 

CGCGCTCGAGTTTGTTGATACTCAATAATTC, for PG13 the 5' forward 
primer was GCCCGGCGCCATGCGGACAAAAACTATCTTTTTTGCG and the 
3' reverse primer was 

GCCCGGCGCCTTAGTTGTTGAATCGAATCGCTATITGAGC. Amplification 
of P. gingivalis transcripts is a likely indication that RNA for a specific 
candidate is present and that the protein is produced. However, where there 
is no amplification achieved this does not indicate that this gene is never 
transcribed and may be the result of the culture conditions or the state of the 
cells when harvested. 



20 



Table 6. Expression of PG m-RNA within vitro grown P. gingivalis W50. The 
symbols are + band visible on agarose gel, - no band present on agarose gel, 
ND not detected. 



PG# 


RNA 
Mg 


Annealing 
temp. °C 


RT-PCR 


PCR (-RT) 


Approx. 
fragment 
size bp 


Expected 
fragment 
size bp 


1 


0.15 


55 


+ 




1300 


1362 


2 


1.0 


50 


+ 




3200 


3051 


3 


0.15 


60 






720 


690 


4 


2.9 


55 






N.D. 


2000 


5 


0.02 


50 


+ 




1000 


947 


6 


1.0 


55 


+ 




1000 


972 


8A 


0.15 


50 


+ 




1200 


1278 


10 


0.15 


55 


+ 




590 


585 


11 


0.10 


60 






960 


942 


12 


0.02 


60 






880 


831 


13 


1.0 


50 


+ 




2150 


2274 


14 


0.15 


60 


+ 




1050 


996 
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PG# 


RNA 


Annealing 
temp. °C 


RT-PCR 


PGR (-RT) 


Approx. 
fragment 
size bp 


Expected 
fragment 
size bp 


22 


1.0 


60 






N.D. 


228 


24 


1.0 


55 


+ 


+ 


1150 


1194 


29 


0.15 


60 






880 


885 



Table 7: Immunoblot results of proteins expressed in E.coli against rabbit, rat 
and human antisera. Deduced MW was calculated from amino acid sequence 
of the P. gingivalis proteins, some of which had their N-terminal signal 
sequences removed. Apparent MW was determined from SDS-PAGE gels. 
The N- and C-terminal tags add approximately 2.5 KDa to the deduced MW of 
the recombinant proteins. The symbols are + positive, - negative, +/- weak 
positive, ND not done. 



Protein 
number 


Deduced 
MW (KDa) 


Apparent 
MWfKDa) 


Antisera reactivity 








T7 


Rabbit 


Rat 


Human j 


PGl 


47.5 


63 \ ND 








PG2 


112.4 


125.7 ND 


-f 






PG3 


22.6 


18.3 


ND 


a 






PG4 


75 


90.6 


ND 








PG5 


34.9 


43.8 


ND 








PG6 


36.7 


47.1 


ND 








PG8 


67.5 


63.1 


ND 


b 






PG8A 


47.7 


90.6 


ND 








; pgio 


21.3 


25.5 1 ND 






+ 


PGll \ 


36.2 


42.4 , 


ND 








PG12 


30.7 


30.6 


ND 








PGl 3 


84.5 


101 


ND 






i 


PG14 


36 


42.4 


ND 




+ 


+ 


PG22 


8.6 


11.1 


.ND 






- i 


1 PG24A 

1 


47 


63.1 


ND 






- J 


I PG29 : 


31.1 


40.9 


ND 


+ i + 
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Protein 
number 


Deduced 
MW (KDa) 


Apparent 
MW (KDa} 


Antisera reactivity 








T7 


j Rabbit 


Rat 


Human 


PG30 


35.1 


46.9 


t * ; 

! + S - I - 


i 


PG31 


16.7 






: 


- 1 

~ j 


PG32 


41.2 


59.5 




j + 


: 

1 + 




PG33 


39.9 


52.7 


+ 


\ + 


i + 




PG35 


92.6 


116.6 


+ 




^ — — 


j 


PG36 


98.9 


120.2 










PG37 


18.8 


23.1 


+ 


+ 




-~ 


PG38 


16.1 


22 0 


+ 








PG39 


87.9 




+ 


i 




PG40 


76.6 




+ 








PG41 


48.3 




4- 


_ 


I 

! + 


+ 


PG42 


59.3 








PG43 


27.1 








PG44 


28.6 


32.3 


+ 


! + 




PG45 


84 


100.6 


+ ! 


j — , 




PG46 


83 

2£ 


97 7 




+ 


- ! - 




PG47 


93.7 


42.5 


+ 1 + ! 




PG48 


45.2 


37.9 


+ 1 - 






PG49 


33.3 


64.1 


4- 1 




+ 




PG50 


91.9 


113.2 


i 

+ ! 








PG51 


19.6 


27.2 


+ i 






PG52 


50.4 


64.4 


+ ! 


+ 




+ 


PG53 


47.4 


45.4 


+ i 




+ 


PG54 


101.4 


46.7 


1 

+ f 


+ 






PG55 


70.4 


68.4 


^ 

+ \ - 






PG56 


142.3 




i 






PG57 


100 


134.5 j 


+ j 






+_ 


PG58 


63 


82.9 | 


■•+ 1 - • 






PG59 


33.3 


43.6 | 


+ ! 








PG60 


55.6 


77.8 j 


+ ! - 






PG61 j 


81.5 


107.3 ! 


+ I 




- i - 
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Protein 
number 


Deduced 
MW(KDa) 


Apparent 
MWfKDa) 


Antisera reactivity 








T7 1 Rabbit 


Rat ! Human 


PG62 


51.9 


58.4 


- . + _ 1 - - - 


i . i 

: I ; 


PG63 ! 29.6 


43.6 


t + ! 




— ■"* — I 


PG64 | 18.5 


26.9 


+ 1 




t 


PG65 | 25.9 


28.8 ! + 1 




i 

! 


PG66 


22.2 


25.1 


+ i + 




PG67 


103.7 


105 


+ 




...... 


PG68 


133.3 


30.7 


+ 




t : 
+ ! + 1 


PG€9 


44.4 


50.8 


_ + . 


- 


i { 

- : — : 

: : 


PG70 


25.9 


30.8 


: 

. + ! - 




1 


PG71 | 88.9 


105.5 


+ f - i - f - i 


PG72 1 40.7 


49.8 




PG73 1 40.7 


29 




j 


PG74 


22.2 


32.5 


+ I - i - 


i 
| 


PG75 ! 40.7 


46.7 


+ !-!-!-! 


PG76 


48.1 


55.6 


+ 


- I - 1 + 1 


PG77 


29.6 


36.9 


+ 


i 

— : — 

I .... ... - 


j 

• t 


PG78 


33,3 


35.4 


+ 






i 

) 


PG79 


33.3 






. i . 


— [ 


PG80 


25.9 


20.5 




i s 

i 


\ 
1 


PG81 


23 


25.8 


+ 


i 


i 


PG82 


44.8 


48.5 


+ 


i 
i 

. ... t _i 


: 

i 


PG84 


41.7 


52.4 


+ 


-r-H-MH 


PG85 


62.7 


72.4 


+ 


I 1 


PG86 


21.7 


27.4 




PG87 


83 


91,3 


i 


1 + 


PG88 


27 


40.1 | + j 




PG89 


26.2 


29.4 | + 




I 


PG90 


23 


28.4 ! +" 






PG91 


57.2 


85.7 


+ ! + 




PG92 


83.6 


110.4 | + 






+ 


PG93 


83.4 


110.4 i + 


j 


, . 

! + 
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Protein 
number 


Deduced 
MW(KDa) 


Apparent 
MWfKDa) 


Antisera reactivity 








T7 j Rabbit 


Rat 1 Human 


PG96 


59.3 


70.3 


. ±_L+ . 


+ i + 


PG97 


44.4 


57.5 


+ i 


+ I + 


PG98 


33.3 


36 


+ ! - 




PG99 


40.7 


55.6 


4- ! 


+ 


+ 


PG100 


29.6 10.8 


+ ! 






PG101 


14.8 


19.7,14.1 i 


+ I - 






PG102 


59.3 


70.3 | + | 




4* 


PG104 


40.7 


57.5 j + j - 







a. Positive reaction detected with the rabbit antiserum to sarkosyl insoluble 
5 P. gingivalis antigen. 

b. Purified protein demonstrated weak positive reaction with the rabbit 
antiserum to whole P. gingivalis. 

It will be appreciated by persons skilled in the art that numerous 
10 variations and/or modifications may be made to the invention as shown in 
the specific embodiments without departing from the spirit or scope of the 
invention as broadly described. The present embodiments are, therefore, to 
be considered in all respects as illustrative and not restrictive. 
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